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A MOXGS'Blhe various branches of fclencc fludied 
^ in our academics, and places of public cduca* 
tion, there are ftw^of greater importance linn that of 
the Ufe of thcGlrb s. The earth our deftined 
habitation, and the heavenly boaies meafurc our 
dajb and years by their various revolutions. Witli* 
out fomc acquaintance with the difllrent trafts of 
land, the oceans, leas, fee. on the Anfacc of the tet- 
rcilrial globe, no intcrcourfe could be carried on with 
the inhabitants of diilant region >, and confequcntly 
their manners, cuftoms, &c. would be totally uiw 
known to us. Though the diflerent trafls of land| 
&c. cannot be fo minutely dclcribed on the furfadt 
of a terreftrial globe as on different maps 5 yet the 
globe (hews the figure of the earth, and the relative 
fituations .of the principal places on its furface, more 
correctly than a map. Had the ancients paid no 
attention to the motions of the heavenly bodies, hrf« 4 
torical fa^s would have been given without datiCf, 
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and wc flvifi&ldNiiavfe had neither dials, clocks, nor 
watches. To the celcftial obfervations of Eudoxus, 
Hipparchus, £cc. wc arc indebted for liic knowledge 
of the prereflion of the ciji 
acquaintance with ihe celcftia 
power nnd vvifdom of the C 
circumfcribcd and confined. 

Dr. Watts obfcrics, What 

fecii in the exaci regularity of the ^LVo!ution^ of 
** tiie heavenly bodies ! Nor was there ever aiiy thing 
that has contributed to enlarge my appreliviUion.- of 
the immenfe power of God, the iH igniiicencc of 
his creation, and his own traiifcendent grandeur, 
fo much as the little portion of aftronomy m liicli I 
have been able to attain. And I would not only 
recommend it to young ftitdent*^, for the fame pur- 
•* pofes, but I W’ould perfuade all mankind, if it were 
pullible, to gain fome degree of acquaintance with 
tliC vaftnefs, the diftanccs, and the motions of the 
•« planetary worlds, on the fame accoiuit 
Dr. Youtig in his Night Tliouglus fiys, 

An undevouc allronomer is mad.*' 


linoxcs^H^^l^t fome 
1 bodieSR^iSB of the 
reator^»nd bc^lpeatly 
The and pious 

wonders of wifdom are 




There is fcarrcly jl writer on the difTcrent branches 
of education who has n<Jt exprefsiy recommended the 
ftudy of the globes. Milton obferves that !‘ Ere half 
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** the fchool’ authors be read, it will be f-afonablc 
‘‘ for yoLitli to learn the ulc of the globes.’* 'Yet 
notwithlUiifling the importance of the fubjeft, it 
entirely negkdljj in our public fchools : and in many 
of our private * ailenil^-S it has been frequently lin. 
periecliy taught * probably for want ol a trealife 
fuiriclL-ntly compVchenfivc in its objecl:, and illudratcd 
by a luicablo number of examples. 

'inhere arc ieveral ircatifcs on the globes extant, but 
they have been chiefly written by tttathernaiica! in* 
llrument makers*, or by teachers unacquainted witli 
mathematics. The works of tlie former mull be ik- 
fcv'livc for want of prafticc in the art of teaching ; 
and many of the produClions of the latter are too 
puerile and trifling to be introduced into a rtfpeLlalie 
academy. Youth learn nothing effcclually but by 
fretpuuir rcpvtirioii ; a niultiplieity of examples there- 
fore beeomes abibiutely nccc .ary : but thefc examples 
fliould be fo Varied, and the mode of propofiiig tfie 
qucHions, fo civ^rfiSed as to give the fcholar room 
for the cxf'ition of Ids faculties, or otiicrwifc no ira- 
preiFun will rfuain on bos .niiitl. lYeaiifcb on the 
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globes are generally citlier without any pracllcal ex- 
ercifes, or the exercif,8 fo firnilar, tii.it when the 
pupil has finillied one of them, ti c rcil. may be per- 
formed without the trouble of tlii.’||i!if?. r.xan.p.cs 
of this kind may ferve to pua njii’ay the time, but 
they will never indru.'b the ftl.olar. 

Had any mathem.itic.d writer of note -'‘urniflied the 
fludent with a treatife on the globes, the following 
work would probab'y have never appeared ; but it 
rarely happens that the man of fcicnce, whofe whole 
time is employed in abflrufc rcfearchcs, will (loop 
to the humble talk of accommodating himfelf to the 
capacity of a learner. To a man in the habit of con- 
templating the writings of a Newton, or travelling in 
the dry and diHicult paths of abftrafk knowledge, a 
treatife on the globes is a mere play-thing, a trifle not 
worth notice ; as at one glance he fees and compre- 
hends every problem that can be performed by them. 
Such a man would acquire no credit by writing a 
Treatife on the Globes {'for, notwithftanding the uti* 
Sty of the fubje£t, its fimplicity would leave no room 
for him to difplay his abilities, the talk therefore, 
necellarilyy devolves on writers of a more humble 
; rank. 
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The cnfuing treat'ifc has been formed entirely from 
the practice of In(lru£lion, and is arranged in the foU 
lowing order. 

Part L The contents of this p^rt are enumerated 
in the firil page of the work. The definitions are 
very extenfivCi and, it is hoped, fufficiently plain and 
clear. Where tlie name of any ancient author occurs, 
the time in which he flourifiied, and his country, are 
generally mentioned in a note j thi^ praffice is fol- 
lowed throughout the book- The table of climates 
has been newly calculated, and the principle of cal- 
culation is given at full length. The firfl: chapter 
llkewife contains a table of the conftellations, with 
the fabulous hiftory of feveral of them ; the Greek 
alphabet, 5cc. If the definitions, geographical theo* 
rems, &c. in this chapter be wtII explained by the 
tutor, it is prefumed that the fcholar will derive con- 
fidcrable advantage. The ficond chapter contains the 
general properties of matter, and the laws of motion, 
as preparatory to the residing of the third and fourth 
chapters \ which would otherwife be lefs intelligible* 
lo the third and fourth chafers are added Ibme ufeful 
notes, which ought to be attended to by thofc ftudents 
who are acquainted with arithmetic. The ffth chap^ 
Ur treats of fprings, rivers, and the fairnefs of the 
fea*, the fixtb of the tides; and the fvcntb of earth* 
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quakes, &Cp v/ith their cftVdls and caufes. The 
eighth chapter contains, in a fm.ill conipafs, the prin^ 
fipal theories of the earth. The fubjeft of the ninth 
chapUr is the ainiofphere, and of the tenths meteoro- 
iogy. From each of thefe chapters, it is hoped, the 
ftudent will derive lome ufcful information. 

It has not been ufud to Introduce fcveral of the 
afortfaid fubj-cls ir.to a Trtatifc on the Globes. 
An Intelligent leader will, however, readily admit 
.them to be h Ts ^xtran^ous, equally entertaining, and 
more inflrufliYe than feraps of poetry, hiftorical 
anecdotes, &c. with which fome of oui Trealifes on 
the Globes abound. Poetical feraps fcldom elucidate 
either mathemailcal or philofophical fubjefts, and 
generally divert the attention of the ftudent from the 
main objed of his purfuit. 

^Part IL This part comprehends the folar fyftcm, 
and fuch other parts of aftronomy as arc abfolutcly 
ncccflary tp be clearly underftood by the young ftu- 
dent before he attempts to folvc many of the pro- 
blems in tlM5 fucceeding parts of the book. The 
ob)ed in learning the Ufe of the Globes fliould be to 
jliuftrate feme of the moll important branches of 
geography and aftronomy ; and this objtil cannot be 
attained by merely twirling tlie globe round and 
working a few piobicms, without underftanding the 

prin- 
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principles on which their folutions are founded. Lef* 
fons thoroughly explained and clearly undcrftood> 
make a lalling impiellion on the ftudent’s memory, 
and will cnahle him, not only to folvc fuch problems 
as he nvjy meet with in books on the Globesi but to 
frame fcveral new problems himfclf, and to folvc 
others wliich he never heard of before. 

In the not 05 attached to tliis part of the following 
work, the diilances, magnitude?, &c. of the planets 
are all accurately calculated. This laborious talk the 
author would gladly have avoided, but he found the 
accounts of the cliilances, magnitudes, See* of the 
planets fo variable and contradiflory, even in aflro* 
noniical works of repute, and frequently in the fame 
author, that he conceived fuch notes as he has intro* 
duced would be very ufcful to a learner. 

Part IIL Contains an cxtenfive colleflton of 
Problems*, illuftrated by a great number of ufTttl 
examples, many of which are elucidated with notet 
of contiderablc importance. 

Part IV. Comprehends a mlfcellaneous fitlefttbn 
of Problems, Qoellions for the examinatiofn of the 
iludent, &c. together with an cxtenfive table of t&e 
latitudes and longitudes of places. This fable will 
be found to^ be more correct than the generality of 
tables of a fimiiar nature. 
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To Conclude. The author apprehends that he 
has omitted nothing of importance that particularly 
relates to the fubjeff, and he hope5> at the fame time> 
that this work will be found to contain little or no 
extraneous matter. He has endeavoured to fupply 
the young Undent with a Treatife on the Globes^ 
which may not be unworthy of attention, as a work 
of fcienee, yet fulEciently plain and intelligible. He 
is aware that the work would have been preferred by 
many teachers ^on account of its cheapnefs) had all 
the matter from page 39 to 165 been left out, as 
it would then have contained the mere definitions and 
problems } yet in this ftate (though it would have 
been more comprehenfive than almoft any other Trea* 
life) it would certainly have been very defc£live. To 
tbofe who oiayobjed to the fmal'ncfs uf the type, tlie 
author has to obferve, lhat had the work been printed 
on the lame fixed type as Adams*, See. it would have 
made a very large volume in o£lavo, confiding of at 
leaft fix hundred pages j and the purpofes for which 
It ia defigned would have been completely defeated ^ 
Ae .price doubled, and the book,*froin its fize -reit* 

dered lefs coaveoient and ufeful. 
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From tlie favourable reception which the firft edi- 
tion of this work has met with, the author has been 
induced to revife the whole with the greateft care* 
A new plate has been delineated, (hewing the path 
of the planet Jupiter in the zodiac, for the year i8ii> 
together with the conftcllatlons and principal ftaru 
through which he paflTes, agreeably to their appearance 
in the Heavens. Delineations of this kind will not 
only prove amufing, but in(lru£live to the fcholar ; 
they give a more correft idea of the relative fituations 
of the liars than a globe, which is a convex furfac(> 
whereas the apparent furfacc of the heavens is 
concave ; hence, thofc liars which appear towards the 
right -band on the furface of the celeftial globe^ 
will be fecn on the left-hand in the heavens, and the 
contrary. 

By laying down on paper all the principal con* 
ftellations from the celellial globe, as dire£led itv 
problem CII ; reje£ling fuch Aars as are fmaller tbam 
thofe of the fourth magnitude, and thofe cotifteUacioos 
which do not come above the horizon, the young 
ftadentwill foon render the appearance of the heaveoi- 
familiar to him. ^ 

Norfolk-Sire.n, Firzroy- Square, 

London, iSoS. 
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A NEW 

TREATISE 

ON THE 

CASE OF THE GLOBES, 

&c. See. Sec, 

PART I. CONTAINfXOt 

t. ExphnaiiM of the Ltnes on the artificial GloBeif ineluiing 
Geographical and Afronomtcal Dejinkiops, 2. The 
Properties of Matter and the Laws of Motion,-^ j. The 
Figure and Magnitude of the Earth*— ^ The Diurnal and 
Annual Motion of the Earth*— The Origin ofSprtngs and 
RherSf and oj^he Salinefs of the Sta*^^ The Flux and 
Rt^ux of the Tides*—'] ihe natural Changes of the Earthy 
taufed hp Mountains^ Floods^ Volcanoes, and Earthguahes. 
— 8 . Hppothefes of the Antediluvian World, and the Caufe 
of Noe£^s Fhod*^f^* The Atmojphere, Atr, Winds, and 
Hurricanes*— 10* Vapours, Fogs and Mifs, Ckuds, Deoa 
and Hoar Frt^, Snow and Hail, Thunder and Lightning, 
FaBng Stars, Ignis Fatuus, Aurora Borealis, and toe 
Rainbow* 


Chapteh I« 

Explanation of the Lines on the Artificud GMet, including 
Geographical and J^ronmical D^fiAonst with a few 
Geogro^cal Theorems. 

1. ^ p^HE Tbrebstrial Gaobb is an ntfficial repre* 
X fentation of the earth. On ^s fflohe the four 
quartets of the woiM» the diSmnt empirest Kingdoms, and 
eounttfes) the chief dties, feas, rivers, 8 cc. ait tnily rrare» 
fenteAsecordingto their rdative fituaUon on the real gtobe 
of the earth. The dlntaod metion of this gftobe is from 
vreftloeaA 

z* Tun 


B 


% «>£riMiTiOK8» $cc. Tmrt 

2. Th* CfctESTiAL Gloae in an artificial reprcTenta- 
tion of the heavens, on which the ,ftars are laid down in their 
natural fituations, Tl^e churnaLmoticni of this globe is from 
A?aft to weft, and reprefents ‘the apparent cliurual motion of 
the fun* moon, and liars. Ti\ uung this globe the ftudent 
M fujpppfed to be iUuatcd in* the center of it, aUd viewing 
the ftars in the concave fuifaee« 

. TfE Axis or 1 HE £art,h [See Plate I. * Figure I. 
and II J is an iraaginaiy line palling through the centre of 
it upon which it is rupiiofed tp tum^ and about which all 
the heavenly bodies appear to have a diurnal icvcdutioo. 
This line is rcprefciitod by the wire which paffesfrom north 
tp fuuth, through the middle of the aitilicial globe. 

The Pox*KS OF THi- Eari h are the two extremities 
-of the axis, whert’^ it is fup]iofcd to cut the lurface of the 
4 ?arth ; one of which is called the north, or ardtic pole ; the 
iPther the fouth, or antacdlic p.ule. The celeftiai poles arc 
tut) Jinaginary points f in the heavens, exadUy above the 
icrreftrial poles. 

Tl)c ihiAZEK Mi:rioiam is the circle in which the 
-Artificial globe turns, and is divided into 360 equal partsj 
called , lu the upper femicircle of the braw ipc- 

ridtan Uwfe Negroes are nui^ered from o to 
,«quatpr towards the pedes, and »re ufed for finilW the lati- 
tudes ofplacea. On.the b;r^'cr femkircle of the brass metid^ 
they are numbered from o to .90 from the podes tovrards tSe 
equator, and are ufed ^he ckvatio^ of poles. 


* rifi;ute 1. r^r«nti xh« frame of die gjbbe, >vith die horiaon, bniis 
kAttCHiian, aud axil ; 11. die gtobo ttfe|i^ ^izh the liuei 00 its fur&ce. 

^ 4 The pote-ftar is eihr of the rVeeod magintude, near the Aorth fHde, 
Jar Ub and of tho tsif lof the Little Bear. Its mean right afemim, for 
ihe Mnniqg of the year i&H, was 43'^ and ica dsdinatibb 

I SiNnpaircIeia fuj^ed to be divided inko^do cgual |Mrt8, jcaJDed 
.dogreea, tliA decreoiiaio do e^ual pSita c^ed miouteSt each minute inu» 
So dM«d ibauAdf^ Sec.: d degreo b therefore only e rbltfllao . 

Id^Si and uat tBAldidoto quantity, cxi^e^ wism m|)|died to a great sMt df 
ihe caith« as to %T« »r or to a meridam, hi cafes H bde 
mplncri uuleN miles^ in 

haavcns is a Qaiceik^ly equal tote |6e tM ap^ent dnsnateref uie 
ortotekethat of iheiiioen whoQCoitddorriily eleviRed above dkhoMibb* 

6. Great 




6 GftftAt CiAtTLEi divMW rile gJobJ? hito equat 
parts, ab the equator, ecHptJc, &c. 

7 Small Circi divide the globe intA Hvo vntqual 
parts, as tlu» tropics^ polar ciivles, pal*alle]s of laiinule, &.c, 

H Meridians, or Lities of I^ongitirde, are fimictrihs^ 
^tending from the iiorth htr thiff footb pdle, q[ttd cutt^ the 
equatoi at right angles. Eterjr place lipod "the globe is 
luppofed to have a meiidian palliug through though 
there be only upon the terreibcial globe \ Mbc d^'- 

ikicncy is fupplied by the Umfs mendun. Wheu the fun 
comes to the meiidiati of an^ place (not within the polar 
circle^^ It ib noon or mid-day at that place. 

9. Thl Equator is a great circle ot tire earth, eqoi- 
diiiant from tlie poles, and dlvidi*« the globe n*to two 
bemifpheves, noithmi and fouthein. l^hc latitudes oi places 
are counted from the eqiiatoi, noithwa'd and fouthwaidi 
tmd the loilgitudes of placcb die I'cckontd upon it eafl wal'd 
and weftveard. Tlie equator, when itfcirc<l to the licavens^ 
H called the cqu uodialt bccaufe when the fun ai>n ais in it| 
the days and nights are equal all p<rer the wmld, via. 12 
1 lours each. 

. 10. The Fit^sT Mjtrioian is that from xvMch geo- 
gtapiierb « begui to count tlie longstudrsr of places. Ill 
Eugbih naps and glolies the firit mcndian is a femicircle 
fuppoied to pafs through l.ondon,^oi the royal obfervaioiy 
nt Greenwich. 

ji. The Ecmpiic iv a great circle in svbich thh^un 
makes his apparent annual piogrcfs niwong the fi\ed liars 
or it :|^ the retd patli of the earth round tlie fun, and cuts the 
«^uiood:tal m an angle of 2^® 28' ; tj>e points of interl^ion 
agpe ealled the equmofbal poinlb. Tlie ecliptic js liluatcd 
id the middle 6f the zodiac. 

1 2. The Zodiac, on the ccleftial gloh^ is a fpace 
which exteiids about mght degrees on each ^de of riie 

I I I <1111 M i l l I I II . .11 !(■.<>■> I I 

ntatly pndlel to it i aiM hh s pp ir B Ut AM imy Be tmesd^m die 

cooft^ttsdort in the seAse, the 
nwrhliau. St mldaiiK csnftfaitiQib will thws, vesy the 

fun's pVice tt noon on ftetanie d^y. 

B 2 ecliptici 




4 VBnUtTIDNSf fce^ /W T« 

ecliptic, like e belt or girdle, wilkm which the modoiii of ell 
the planets are performed. 

43. Sighs op ths Zo]>i4C« The ecliptic and zod^c 
are divided into 12 equal parts, caQed figns, each contuoing 
30 degreee* The fun makes Us apparent annual progrels 
through the ecliptic at the Ate of nearly a degree in a day. 
The names of the figns, and the days on which the fun enters 
them, ai*e as follows 

SpamG Sighs. StiMMsa Sioh^. 

^ Ariis^ the Ram, 2iil of 0 Cancer^ the Cnb, 21ft 
of March, of June. 

15 Taurus ^ the Bull, i9tli SI Lto^ the Lion, aid of 
of April. July. 

U Gemini^ the Twins, 20th Vlrgo^ the Virgin, 2 2d 
of May. of Auguft. 

The iix iigns above are called northern iigns, being north 
of the eq\uno6lial ; when the fun is in any of thefe iigns his 
declination is north. 

Avtummal Signs* { Winter Signs. 

S:, Lihra^ tlic Bal^iiice, ajdhfjs Caprieoraus^ the Goat, 
of September. 21ft December. 

iSrer/uo, the Scorpion, 23d xr Aquarius f the Water- 
of October. I bearer, 20th January. 

/ Sagittarius f the Archer, H Pi/eeSf the Fifhes, 19th 
22d of November. . February. 

The fix figns above are called fouthem Iigns ; when the 
fun is In any of thefe Iigns bis declination is louth. 

The fpring and autumnal figns are called a/rending iigns ; 
b^catufe when the fun is in any of thefe figns, his declination 
is ittcreafiog* The fummer and winter figns am called 
feenduA figns, bccaufe when the fun is in any of thefe figns, 
his decuiatioa is decreafing* 

It » conje^hiirsd thtr the figures In the figns of die lo^c are dw 
Uriiptive of the fesibm of the year, and that they are ChaMean it 
^uerQjg^ypbks, intended to reprehmt lame remarkable oc« 

'■ ' ^ ■ 

• Except ths new fifeovsesd flmu, or Afteveads, Crrn and Arlter. 

ciurreace 
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oivrence iir^tadii nMftck Thus 4 kiu were diAiugaiihed far the 

production of thofe etiimak which werelidd in die KrMt^ efteem« 
die iheep, the bUck-catde« and the gOatt{ the Litter DeUig tlie molt pro- 
Kdc» was repreCented* by^^e Jtjgure of Oemini^Wheii the ibii enters 
Cancer, he dii'coniiiiiWf ma pvogtnk towards the north pede, and begins to 
return Uck towards the ibuth jade. ‘J’tiis rcrrDgra4e motion wa« repra* 
rented by a CVaA, which is iiiid to go backvetuds. 'flK heat' that ulualiy 
follous in the nm mouth is reprefented by the Xise, an ammal reih.^k«ible 
fur Its fici('eners,aiid which, it thble.i(cm, was frequently ini|H'Ucd 4 through 
thiril, to leave tlie fandy deferr, and innke its appuir^nro on the banks of 
Hie Wle. The fun eutered the dth fign about the tunc of luiveft, wbkb 
fealbn as therefore icprefented by a virgin, or female ie«iper, nith an ear 
of corn In her hand. When the Ion enters Z'Ci.t, the da)s and nigliis are 
equal all over the woild, and Iccm 'onblcrve an cqinlibrinin,1ike« balance. 

AutumOy wfuch produces tiuus in guat ibundantu, brings with it a va- 
riety of ddeafes : this feafon is icprelented bv that venomous anima) the 
ScorfiMt who wounds with a fting in ins tail as he recedes. I'he fall of 
the leaf was the feafon for hunting, mid the liuts'Urhich marked the luifs 
path at this time were reprefciiccd by a huntfnian, oi utLhsr^ with his ar- 
rows atid weajioiis of deili udlion. 

The Goo/, which delights in limbing nnd afcendiiig fume mountain or 
precipice, is the emblem of the winter foUltcr, when tlic ion hcgini to a|}:cnd 
from the foutherti tropic, and gradually to incrtalein iiciglu for the enfintig 
half year. 

or the Water-bearer, is reprefented by the hgtire of a man 
pouring out water from ait urn, an«niblcm of the dreary and uncomfortable 
feafon of winter. 

The left of the aodiacal ccRiftellatiuns f’{/cfSy or a qouple- of <i(hcs, 
tied bock to back, reprcfcnttiig the fifhing feafon. The forerity of the 
winter is over, the flocks do not afibrdTultenance, but the feat and ruen 
are open, and abound with iiili. 

The Chaldeans and Egyptians were the original inventors of afttohomy ; 
they regiftcred the events in their hiftory, and the mylteries of tli^ rc* 
ligion among the ftars by emblematical figures. 'l*he Greeks dUplaced 
many of the Chaldean conftellations, and placed fuch images a&> Ivid re« 
ferencl^to their own hifttury in their room, 'i'he fame method war foU 
lowed bv^the Hon&ns: heiKe the accounts given of Hie figosof the sodwe# 
and of the eonlleUationsyarecoiitradidlory and involved in fidiljs. 

^ 14* Declination of the fttn» a ftar, or planet, 10 their 
dtftaxice from the equino&ial, northward or , fouthwanLr 
When t|ie fan is in the equinodtial he has no tkclioation^ kliil 
eaii||btidl^a]f the globe fit>m pole to pole. As he increauta 
in ifklih diiioltaidbioii he gradnaUy Ihines farther over the 
pole, and mm the ^uth pole in darknefs: in a ittnilslr 
iMoner; ^ben he hat (buth dedinatson, he fhinek Mnr. the 
foueh pde, and loam the north pole tti darkoefss The 
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grc'att ft ^ecV!. *t;')n the fuw cao hunt is * J® 28* ; the great- 
t li 4ec’Unatk>ii a ftnr cau have is 9c®, and that of a phinet 
30° 28' ^ north or louth. 

15. The TkopK s are two fmall circles, parallel to the 
equator, at the diftance of 23® 28' from it j the northern 
is called the Trop’c of Cancer, the fouthern is the Tiopic 
i0f Caprieoi*n, The tropics aa' the limits of the tornd zone, 
jiorthwarcl and fouthward. 

16. Thl Ptyi AR CiKCi * s are two fmidl circles, parallel 

toth** tvpiator, at (he dilLinci* <jf 66® 32' from it, or 23"^ Zo 
from each pole. The northern is called the ardttCy the 
fouthern the ciivli‘. 

17. Paracli r.s or LArnuo?. are fmall circles drawn 
through every ten degrees of latitude, on the ten eft rial 
plol e, parallel to^the equator, ICvoy place on the globe 
U fuppofed to have a paraHtl of latitude tltawn through it, 
tliougli tlure be, generally, only^.\/n« paiallels of latitude 
drawn on toe tuitftrial globe* 

18. 'J’uf. lloua CiKCLF on the ailificial globes is a 
fm.ill circl'* of bi’afs, with an inde'c or pointer fixed to the 
tiui th poh*. The hour circle is dividend into 24 f equal parts, 
corn fpondeut to the hours of the day ; ajid thefc arc again 
fubdi\ided into lialves and quartern. 

fQ. The H0R170K i'-' H great circle which fe^arates the 
vifible half of the lieiocns fumi the invifiblc* ^^rhis hari/on, 
w'Ikii applied to tlio earth, is diftinguifticd by the 
aud rational horizon. 


• Ex‘'ert the planets, or Afteroids, Ctrt* and which ara^carly 

at the Came dtd^ncefrom the fun ; the former:* the tinne this was wdtteu, 
was out of the zodiac. 

f Some globes have two rows of figures on the Index, others hut one. 
On Naw,RntfJb Giciu thtro » an hourorcleat eicb pole, mitn- 

hcred with two rows 01 %uro 8 . On Adems* common globes there is but 
one index ; and on hh improved gluhes the hjoiirs «re counted by a hrafs 
wire wUhivro indexes ftanding over the equator. Mr* Wittiim Jfetes W 
snade an hour circle to flida on the bra& meridhaL of many of thd fldhea 
itced up by Mm i it is lihewife meant to ftiew the bearings onhplacea. Illie 
§xxA of the hour cirdo is, hovi^ver, a matter of httle coolb^Fencn, (p«D* 
«med it be placed vMlbr the hraft metb^an}»as the equator wCwoi^ovecy 
to vrhich a circle of this liwdcda be^tcd% 

ao. The 




Chapel. BjpFiHfTroKs, &c. 7' 

20. The SlUsibU* Or vifible harironi is that which 
terminates our view, and is rcprefonted by that ciicle uhich 
wc fee in a clear day where tub eaith, or fca, and tlw Iky 
feem to -meet 

2i» Th£ Rational, or tuie hon/on, is an imajrina*y 
plane, palling ihwugh the centre of the earth, parallel to the 
lenlihle Iiori/on. It detei mines itie iifing and felting of the 
fun, ftai s, and planets. 

22. Thl WobOl N Horn /ON circumfcrihing' the arttfitial 
globe, reprefeiit '5 the rational Jioii/on on ihe real globe, 
Tfiis hefn/on is divided into fovcial concentric circles. On 
Bardinas New Buttjh Globes thej^ate ai ranged in the follow- 
ing order : 

The Firji Cttde is maiked amplitude, and i« numbered 
from the eail touaid^ the north and Fiom o to 90 

degrees, and fiom the weft touaids the noith and i )ulh in 
the fame inaniu r. 

the Sicotul Cirik is marked a/imuth, and is numbeted 
from the north point of the hori/on tow ards the call and well, 
from o to 90 m?grecs ; and horn the fouth point of the ho- 
rizon, towards the call and vvft in the fame manner. ^ 

7 i 6 f Third Circle contains the thirty-two points of the 
compafs, divided into half and cjuarlcr points. Tlic degrees 
in each point are to Be found ;n the u/imr.th ciitle. 

'The l*\furth Circle contains the t\vv'*lve ligas of the Kodiac, 
tlic figure and charafter of each fign. 

Ti/ih Circle contains the dvg'cesof the figils, each 
fign cdmprelicnding 30 degav.. ^ 

Ihe Si^th Circle contains the daj s of the mouth ajiftvexing 
to each degree of the fiin^s pkee iu the ecliptic. 

Tie Seven/h Circle contains the equation of lime, or dif* 
ference of time, fiiewn by a well regulated clock and a coi- 

* boriepu extends onl^ a few nnlcs; for example, ifnnvui 

0 r 4} foet lijgh were to fiend on a largn plane, or on the CurffiLt of thn ^4 ; 
the utmofi extent of his vic^^ u)ioii the earth or die lea, would he alipaut 
three nnlen Thuf, if d be die height of the eye idiove furfuCiC of^thb 
isa, 4md i/df« diwtidcer of f lie eu th ni feet, then v/^4<Ax4, ihe# the 
di^nce whieft a parfim tvitl he to <ee, ftraight foiwipd, JCf/fAV 
']>igo^omeuy, Esanifiao page B». 
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red fun dial. When the duck ought to be faAer than the 
dial, the number of minutes, exprelfing the differencei has 
the iign 4* before it ; when the clock or watch ought to 
be flower, the number of minutes in the difference has the 
'fign •— before it. This Circle is peculiar to the JWw 
Brltifh Ghles, 

7 %e Eighth Circle coiit jns the twelte calendar months of 
the year, «c. 

zi* The Cahoinal Points of the horizon are eaft, 
weft, oortJ), and fouth. 

24* Th^ Cardinal Points in the heavens are the ze- 
nith, the nadir, and the points where the fun rifes and fets* 

2^. The Cardinal Points of the ecliptic are the 
equiuodial and folftxtial points, which mark out the four 
fcafons of the year ; and the Cardinal Signs aie t Aries, 
,SB Cancer, cCi Libt'a, and Capricorn. 

26. The ZfNiTH is a point in tlic heavens exadly over 
our hcadb, and is the elevated pole of our horizon. 

27. Till Nadir is a point in the heavens exadly und^ 
our feet, being the depreffed pole of our horizon, and tlic 

, zeiiith, or elevated pole, of the horizon of our antipodes. 

a8. The Pole of any circle is a point on the furfttce 
of the globe, ^ degrees diftant from every part of that 
’ circle of which it is the pole. Thus the poles of the world 
are 90 degrees from every part of the equator ; the poles of 
*thc ecliptic (on the celettial globe 1 are 90 degrees from every 
part of the ecliptic.— Every circle on the globe, whether 
real or imaginary, has two poles <lianietricwy oppofite to 
each other. 

29. The Equinoctial Points are Aries and Libra, 
whm the ecliptic cuts the cquino&ial. The point Aries is 
, odUed the wmal equinox, and the point Libra the autumnal 
equbox. When the fun is in either of tfaefe points, the days 
aod on every part of tlie globe are equal to each other. 

^ Solstitial Points aieCnncerand Capricorn*' 

theibn is in, or near, thefe points, the variation in 
hiis greats altitude is fcarcely pei|:^puble for feiend days ; 
becatifc the edCppc near theie points is ahnoft pamlbl to 
' equinoftial, and therefore the fun has nearly the iWe 
dociination for fevend days.— '^Alien the fun enters Cpncar 

it 
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it is the longcft 4 ay to all the itiliabiraJit'' on ihr u itK fid‘ 
of the equatori an^ the ftorteft cliy to tlioie on the, li* xh 
fide. When the fun cuter** Capncom it u the ihontU di 
to thofe who Utc in uoi^h latitude^ aud the longed da\ lu 
thofe who live in fouth latitude. 

31. Ak Hfmisphere 1$ half the furfare t f tlr jriob< ; 
great circle divides the globe into Ivvo hemifpheu 

The horizon dividee the upper horn the lower liemfplieit 
in the heavens ; the equator feparates the northern fftsm the 
iouthem on the earth ; and the brafs meridian, Aandii^g o\( ; 
any place on the terreftrial globe, divides the calleru from 
the vreftein hetnifphere. 

32. The MARihtR^B Compass is a reprefentatio 1 «f 
the horizon, and is ufed by feamen to dirett and altflaxa 
the courfe of their /hips. It coniilU eff a citciilar bnilv 
box, which contains a paper card, divided into 32 equal 
parts, and fixed on a magnettcal needle that always turns 
towards the north. Each point of the compafs contain^ 
I'l® Iff' minutes, or jj^ degrees, being the 32d part of 
360 degrees. 

33. The Vaxiatiok. of tmi Comtpass is the devia- 
tion of he points from the correfpondent points in the hea- 
\’en8. When the nortlr point of the compafs is to the wft 
of the true iKiith point of the hon/on, tlie variation is /eail; 
if it be to the weft the ^aiiation is weft. 


The leuttet tiHiiideidsnd.th'it the compafs does not always pots^dS^ 
rcHly norths but ts fubje^t to a fiuflll auniul variation At p reftnt, m 
the needle poiocs about 24 degrees to the weituard of the north. 


At l^tiooN 10 


If 76, tbtb yariiKicta*wa«, %$* E. 

i6n, — 6 lot 

— d o 

16341 — 4 5 


1666, the varmtionvsM* 35'“W: 
1683, ^ 4 30 W. 

1700, — 8 o W.v 

rr*», — *<• ** Ji' 

1747, — ir 40 wj, 

1780 Wv — »* 4* W 


The empiA WkM for fetting «fc* MtifieW fW. north »nd Ihutlu 
cut Mi« h. taken «. m0w« rroptr tDeiniaee tm the nrjwoik 

,4. o. a PtAOF, tm the temftrU g^be, . 

il itt dy^wce from the equator in degrees, -minutes or 
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geographical inilesi 6cc. and ib reckonad on the brab 
meridiHni froiu the equator tpwarda the north or fouth 
pole. ^ 

35. Latitude of a Star or Planet, on the ce* 
Vtlxvsi globe, in it« diilance from the ecliptic, northward or 
fouthward, counted towards the pole of tjte ecliptic, on the 
quadrant of altitude. The greatoil latitude a ftar can have 
M 90 degrees, and the grcatell latitude of a planet is nearly 
8 degrees The fun being always in the ecliptic, has no 
Htitude. 

36. Thr Quadrant of Altitude is a thin ilip of 
braf? divided upwards frourc to 90 degrees, and downv^rdft 
from o to 18 degrees, and s^hen ufed, is generally fere wed 
to the biafs meridian. The upper divilions are ufed to de- 
termine the diftances of places on the earth, the diftances tjf 
the celeftial bodies, their altitudes, &.c. ; and the lower di- 
>ifions arc applied to finding the beg'uiuing, end, and dura- 
tion of twilight. 

37. LoHGiruDR OF A Place on the terreftrial globe, 
is the diftance of the meridian of that place from the ftrii 
meridian, reckoned hi degrees and parts of a degree on the 
equator. Longitude is either eallvrard or weliward, ac- 
cording as the place is eaftwai'd orwclluardof the firll 
i^eridlan. Tlic great*^!! longitude that a place can have is 
180 degrees, or half the circumference of the globe. 

38. l*ONQrruiiE OK A Star, or Planet, is reckoned 
on the ecliptic from the point Anes, eaitwai^, ibund the 
,celcfi}al globe. The longitude of the fun is what is called 
the fun’s place on the terreftrial globe. 

39. Almacantars, or paraUela of altitude, are imavlm 
nary circleb parallel to the luiriaon, and ferve to Ihew Sie 
hiO^ht of the fun, moon, or ftars. Thcfc circles arc not 
dit^wn on the globe, but they may be deferibed for any 
Ij^icude by the quadrant cd altitude. 

^ 40. p4|iALLELs OF Crlkstial Latxtuds are fmaS 

circles on the edeftia! globe, parallel to the ecliptic* 


^ « Tha ncwI)%d(teoveJvd j^anetsr or^Aftesoids, Cr«c and PaUm, do not 

9igf(eui CO bs coniiiiQd within Iwc. 

9 41. Pa- 
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41, PAttALLt'xs ©r MCLiNATiov are fmafl circles pa- 
rallel to the-equirtoKtial on the celfftinl globe, nnd are llmilttr 
to the panels of litittide, on the tciT**llrial globe, 

42. T-Hr CoLVkEii arc two gm\t cucks palling thvough 
the pofea of the woild ; one of them paffes throiiffh tlio 
equino^ial pdf nts, Arics^ and ; the other through 
the folftitial points, Cancer aad Cdpiicorn : hence they aie 
caHeU th^ equino^ial and folltitial coiitres. They du idc the 
eeHptic irtto four equal parts, and mark tlie four feafons of 
the year, 

4 J. ArrMuTH, or Vetitic^l Circlfs, are imaginaiy 
great circles paffi^g through the zoiuth and the nadir, cut- 
ting the horf /.on at right angles. ''J''hc altitudes of the lu .1- 
veidy bodies arc in»»afured on thefe circles, winch circles 
may be reprefented by ferewing the qiiddrant of altitude on 
the renifh of anyplace, and making die other end mo\e 
alo ,g the wooden liorisstm of the globe. 

44. The Primf Vertical is that a/imuth ciicle which 
panes through the eaft and weft points (if the boi i/ou, and 
IS always at right angles with the brafs meridian, whicli nny 
be coimdered ns another vertical circle pafting through the 
north and fottth points of the horizon. 

45 The Altitude of any obJcA iti the hcav^, is^an 
of a vertical ciicle, contained between tlic centre of die 
objefit afnd the horizon. When the objt^ is upon the me- 
ridian, this arch la called the meridian altitude 

46. The ZekitIi Distai^ci of any ohjaAi is 

the arch of a vertical circle contained between the centre of 
that dbje^ and the zenith i or it is what the sdtitiide of 
i 3 ie w'EutB of 90 decrees. When the objeA is 

on the meridian, this arch is called the mchidian zenith 
<&ifatnce, 

*47. The PbLAa DttrAset tf any celcflial objed* la 
ah arph centre of mijt 

and thepole of tne eqtuno£dtjE/ ^ ^ 

* la At Mraiiici6K«l^ui)e i< iiJippiM ct» |tty« 

tbreolb ^ At Arhs. «a «» 

Bathe oClAiaSR, a 9ma,(iCB^d|iBUi iaAdii Miilbr, about 7 j JUiliB 8. £« or 
Cfioftanunople, now caW Itntc| ha nuHie Uo 

stafl Ji5 yearshefore ChitfL 

48. The 
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OEPIKITIOIf2^ icp. Part {* 

,.8« Tm£ Amflitpds of any objeA in tbe licAvent is an 
arch of the honaon» contained bkureen thecentieof 

when rifing„or fetting, and the eaft or weft points of the 
horizon. Oat it sa the dift«tace which the fun or a ftar nfea 
from the eaftt and ieta from the weft^ and is uied to find the 
variation of the compafs at fea. In ourfummerthe fiin rifea 
to the north of the eaft, and (eta to the north of the weft : 
and in the winter it rifes to the fouth of the eaft^and feta to the 
fouth of the weft. The fun never rifea eaa^Uj in the eaft nor 
feta exad;ly in the weft, except at the time of the equinoxes. 

49. The Azimuth of any obje&in the heavens, is an 
arch of the horizon, contaiited between a vertical circle pal^ 
fiiig through the objedi, and the north or fouth points oUhe 
horizon. The azimuth of the fun, at any particular hour, 
is ufed at fea for hading tbe variation of the compafs. 

50. Hour Circles, or Horary Circles, are the 
fame as the meridians. They are drawn through every 15 
degrees* of the equator, each anfwenw to an hour— con» 
fequcntly, every de^e of longitude anlwera to four miiuiteA 
of time, every half degree to two minutes, and every quarter 
of a degree to om minute. 

On the globes thefe ctnclea «re fappHed by the brafr 
ridtan, the hour circle and its index. 

yi* The sixo’Clock HourLutx. As the meridiaa 
of any place, with refpedfc to the fun, is called the la o’clock 
hour circle ; fo that great circle paffing through the poles, 
which is 90 degrees diftant from it on the equator, is called 
by afironomers the fix o’clock hour circle, or the fix o’clock 
hourfine. The funand ftarsareon theeaftemhalfof tbiscir. 
qk, 6 liours before they come to the meridian ; and on the 
weftem half, fix hours after they have palled the ineridnui;^ 
Culminating Point ot a ftar or planet, is tb«t 
poftti of its orbit whidi, on any given day, iotbe nioft ehs 
vased. Vbnoe a ftar or jplanet w fiudto cuhniaate wh&i it 
^comes to the meridian of anyplace i fibethen its altitude at 
thatplace is the greateft. 

yy. ArtARXHT MooH,kt]|eimewlieathefimconn^ 

At meridian i<viz.^sp*dock, as ftewnhyacorreAftin^iffia]. 

eOa^f/iKUctotbcmwMiSMsra damnihrcaigbeveiy loHsprecH 

54 . T%v*t 
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54« Trvs» ok Mem iz oVlock^ aa (hews by 

a well regulated clack» adjaHed to go 24 hours in a mtan 
folar dy* 

55. The Eqoatiom of Time at noon^ is the interval 
between the true and amarent noon* viz. it iathe difference 
of time jQiewnhy a well regulated clock and a corceft fun 
dial. 

55. A Taua Solae Day is the time Atom the fun's 
leaving She •meiidioii of any place, 011 any day, till it returns 
to the lame meridian on the next day $ via. it is the time 
elapied from xa o'clock at noon, on any day, to 12 o'clock 
at noon on the>neat day, as ihewn by a correcl fun-dial. A 
true folar tday xa fubje^l to a continual variation, arifing 
from the obliquity of the echptic, and the unequal motion 
of the earth in its orbit ; the duration lihereol fometimes 
exceeds^ at others fall fliort, of 24 hours, and the variation 
is the gfoateft about the firft of November, wlien the folav 
day is 16' 15" lefs than 24 hours, as ihewn by a well regu^ 
lated^k. 

ey. A ME 4 ii SotAa Day is meafurcdby equal motioDi, 
as by a clock or time-piece, and confifts of 24 hours. Tlicxe 
are in the couxfe of a year at many mean folar days as there 
are true folar days, the dock bring as much fofter than the 
futt* 4 ial on fome davs of the year, as the fiin>4ial is fafter 
than the dock on otners. TIm the clock isfafier than the 
fun-dial from the 24th of December to the 1 5th of Aprils 
and from the x6th ol Jane to the 21ft of Aimm x but iq/fL 
the X5th of April to the 16th of June, and mm the 31ft of 
Auguft to the 24th of December, the fun-dud is footer than 
the clock# "When the dock is fafter than the fun-diali the 
true fohtr day exceeds 24 hours i and when the fofw 4 M||* 
fafter than ^oie dock, die tnie fokr day is kfo thsui ^ 
bomti hue wlklt the dock, and the fimdhd agrees vjz» 
albom the jpk Apd| x6th of June, jxft of Auguifl^, 
and 2401 of Sbeeafoes^ dm true fokr day is exaAlyaj^fc^ 
hmtts. ’ 

Vm AsMonosncM fthiT is asekqned frqQ»w>qe 
to iMMhH ead eoafifts wT 24 bmiiis* IVe is caBed o )p#» 
tuiral day, bring of dwfoiaeisogth io all latitudes* 

Tftt 
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59 * The ARTiFfcimL J>A3r M tiie^iinedapfedfcctwccn 
the fisn’a rising and fetting, and is variable according to the 
different latitudes of places. 

' 60. The Civil Eke the affronotaka]: or natural 

day, confilb of 24 hours, but begins differently in different 
nations. The ancient Babylonians, Perfiaus, Syrians; and 
molt of the eaftcrn nations, began their day at fim-rifing. 
The ancient Athenians, the Jews, ^c. began * their day at 
fun^fetting, which cuilom is followed by ^he modeen Auf* 
trians, Bcdievnians, Silehans, Italians, Chinefe^ The 

ArabiatiB begin their day at noon, like the modem 
mcrs. Tile ancient Egyptians, Romans, &c. begait 
their day at midnight, and this method is followed by the 
Englifh, French, Geimiiiis, Dutch, iipaniih, and Portu- 
gutTe- o 

61. A SroERiAL Day is the interval of time from the 
|>affageof any fixed ftarover the^meridian, till it retums tor 
It again : or, it is the time which the earth takes to revolve 
once round its axis, and confilts of 23 hours, 56* 

4 feconds.^ 


In ulementtfy hooks of aftronomysnd thaiglobss, the learner isgenerally'' 
that the caith turns cm its axis from weft to.eall iu S4 hours ; hut. 
the truth that,ut turn? on its bus Jn hpiii^s, 56 mjn^ccs, 4 f^conds, 

making about ^66 rcvdlutions in 365 <h»ys, of a ye.ir. I he .naturd^ day 
wpold aUravs conllftof a3hburs4 56’1nrtiiuucs, 4l'ecoiltl^,ii|ftea(I of' 9 ^hourS) 
if ffic eartii liad ncroclter motioe than that on its axb; but tvbilu dieeardi* 
haa revolved vaRward once'rouiid he mill, it hai advanced near^ one ,de‘- 
gyec* eaftward in itf oirhiL To Uuftrate this, fupj^e the fen to be iipoa< 
smy particular roeridiau at 22 o’clock, on any ^7 \ in the foace of. 23 hour^ 
56 minutes, 4 feconds afterwacdsfthe earth wjft have penormedoneehibe 
jte^tidon ; but it will at tlie Outre time have advanced nearly one dc^grife 
4 ||nid ill its odne, and conlequentlyibiit meridian wKich we* oppoGtetO' 
^p||n the d«y before, will ht* abw one degree esftwkd of k ; 

i^uR perform fomefiiing one reVpfotio'a tl^ 

fun ^ais again on tlm fame meridlmi fojhat the time/toimthe f%*a 
wing tni tbe mcridlen on any chiy, to its frrad meiT^dk 

the nm day, is ^4 hours. 

The earth' goes round tbe fon m ne»f)y ; cod ^ 

which is the earth’s path found ^ fuft, conRfta of jdcH^iiees ; by 
ffieruleof three, 3dpd^i:<,f|> : 50^ IIV. 9, the ifrlly mean 

motion of the €anthhi%m^ ttVatt'siedbn «f kSfUforbr 

C'day. ^ 1 • • 

* 6 z. A 
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<5<2. A Yxai^ or^ta-opkai t« the time the 

fun takes in ^»Sing tlirough the ecHptict from one tropic, 
or equinox, till it returns to it again ; and coufifts of 365 
days, 5 hours, 48 minutes, 48 fecontb. 

63- A StoERiAL Yea.! is the fj^ce of time which the 
fiui takes in paifiug from any fixed ibr, till he returns to it 
again, and coi>iiils of 565 days, 6 hours, 9 minutes, la 
feconds ; the iideiial year is therefore 20 minutes, 24 fe» 
€o>nds longer than the tropical year, and* tlie fun returns to^ 
the equinox every year before lie returns to the fame point 
of the heavens ; confequently the equinoffial points haive a 
retrogt ade motion . 

64- The Prvcpssion of tup Equinoxes (or more 
properly the rcceiTion of the equifioxes) is a flow tnotion 
which the equinoctial points have from cafh to weft, contrary 
to the order of the figna, which is from weft to eaft. 

This motion, from the belt obfervations, is about go^ 
feconds in a year, fo that it would require 25,791 years^ 
£or equinoctial points to perform an entire revulutioii 
weftward round the globe. 

In the time of Hipparchus, and the old**!! ailiAnnmcrs the equinoKElial 
ptrims were fixed in Aries end IiHita ; but the fi^ns which were ttien m 
rao)uiietioh whh the fiin, when he was m the equinox, ere now a whole 
fign, or 30 degrees esftward of it ; ib thnt Aries is now in Ta\irtw« Tmi- 
rus iu Uc'mini, Stc. as may be feen on the celeflial globe. Hence aUb the 
fUis which rofe and fet at any particular feafon oi die year in the timet of 
Hefiodf , Eudoxvisf, lMiny|t, Sec. do not anfwer to the deftripcion given by 
ihefis wikeis. v 

65. Poxi- 


* for the circumference ^ the equator is 360 degrees, and 1 1 yr. 
; : 360P : 25791 yearsi 

f flasioD was a cefebra^ Grecian poet, Born at Afcra, in Boeotia, 
HipptaMI %6 have fteiurifiied''lu the time of Homer ; h'e was die firlt who 
wriMie npoem 01^ Ag»cidrarie,midtled The uadthe Ddytt in vdM 
he muroduces rifing end fitting of partiailar liars, &c. Sevefill 
edhi^’vx’f his works are now ext mt. 

I EvDoxps^watagreat geometrician and a ft ron o mer, feom whonriP- 
did the geomattkiaa k ^lid to have bonrowed great part of his ^amh^es 
of geometry. Budoxnt wae born at Ctiidut, a town cf Gaxii^ hi jSpa 
; be fiourKhedeboiit 370 years Befoae CHund. 

J [ PiriKT, generally catted Pihiy tite Elder, was born at Vereiia, jn 
y ; he comyofed a work oD natural hillory in 37 books it treats ef 




MFiNinoNSy Pof* T. 

Positions or tnii: SphsHe ait three jt right, pa* 
jrallel, and oblique. 

66. A Right Sphers it that pofitk>n of the earth 
where the equator pailea through the zenith and the nadir, 
the pole^ being in tiic rational horizon* The inhabitants 
who have this pofition of the sphene live at the equator : 
it is called a right fpheiT becauie all the parallels of la* 
titude cat the horizon at right angles, and the horizon di- 
vides them into two equal parts, making *equal day and 
night. 

67. A Parallel Sphere is that pofition the earth has 
uhen the rational horizon coincides with the equator, the 
poles being in the zenith and nadir. The xiihabitanls who 
have this pofition of the fpere (if there be any fuch in- 
habitants) live at the poles ; it is called a parallel fphere, 
becaufe all the parallels of latitude are parallel to the 
horizon, and the fun appears above the horizon for fix 
months together. 

68. An Oblique Sphere is that pofition the earth 
has when the rational horizon cuts the equator obliquely, 
and hence it derives its name* All inhabitants on the 
face of the earth (except thofe who live exa&ly at the 
poles or the equator) have tiiis pofiUon of the fj^iere, and 
the days and nights are of unequal lengths, the parallels of 
lutitude being mvided into unequsd parts by the ratiomd 
horizon* 

6^. Climate is a part of the furfiice of the earth con- 
tained between two fmall circles parallel to the equator, and 
of fuch a breadth, that the longeft day in the parallel neareft * 
the pole, exceeds tlie longeft Say m the parafid of latitude 
next ^he equator, by hah an hour, in the torrid and tero* 
peraie zones, or by a.montH in the {rigid zones.; fothat 
iheie eiro 24 dfimates between the couator and ead pefer 
circle, end fix.; climates, between eZCA polar ensde am its 
pole. 

-S 

tksftan, the heavens, wind, nun, heil, tniderile, trees, Sewpiv, plants, 
fiOiet, sad Ssafts; beftlete -sexusphkjfi deCcriptKm^ijf every plMe 
m &lobe. Arc. See. Way perBhedhj an eriqitl4» of Velbvlns, in the 
ypeft year of fiKna too esgSr « turk>nty in ebierving tHc fhe- 
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Cbsip. 1. osl'iliit^rDWs^ &c. ty 

From th« above 4iifii^ftloo it «EpMn» that oil piaces fitueted on thefiime 
paroHel of hutude are in tlie fame dimate; but ue mult not lulcr tiovn 
thence, that they have the fame aunofphericil temperature ; large tracts of 
uncultivated lands, Tandy delbrts, cSeveted (huationf, woods, inoralfes, 
lakes, &c. have a conliderable efiedt on the atmoluherc, hor inllaiiie, 
iu Catiadat m about the latitude of Paris and the tooth of b iigland, the 
(old IS 10 eicedive, that the greeted itvers are irenen over from JJkemhft 
to Afrtl, md the Inow icommoiily lies from four to fix feet d(e]». 1 he 
Andes niountAins^ thoi^h part of them are finiated m the torrad aono, are 
at the fummit, covered with fhow, which eo6b the air in the adjactilr 
country, 1 he heat on the weftern coalt of Africa, after the wind has 
paired over the Tandy deft it, is almod iuflbcating, whilft that fame wuid 
having paiftd over the AcLiutic Ocean^ is coei aiid plealant to the inhabi* 
tants of the Cnnlbean I(land« 


1 CLIMATES between the Equator and the Polar Circles. 
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11 . CLIMATES between the Polar Circlrs and the Poles. 
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WLXintTwntrkCi' Pwt !•' 

The preceding fnbles ttiiiy be'e<m^fu^M hy the glbbe, be fliewn 
in the )]froblenift, but not with thel extdtncfi given yb(Wc. Tables of this 
kind are ge tierully copied from oiie. euther into an^bori wichoat any ex. 
plnnatton of the priocifle# on vihieh they are ftniilded. 

CnHjtirttfiioH of thcfrf Tahir. 

, In pl^tc IV. figure IV. HO reprcfcuts the horiKon, MQ the eqtiatori 
fiSs 6 ^ a parallel of the fun's greateft declination^ N O die elevation of the 
|>ole ui latitude of the pUco; the angle meafured by thdi atcb QO, 
the complement of the kititude; is* the afcenrioiial di&reiico» or^ the 
time the full riles before 6 o'clock, and & <?ih« Ion's declination. HenCe, 
by liai'on Napier's rules (fee Keith's Spherical 'riigOuometry) rad. 'Kfma. 
ab'^ cctan^emt a* (or N O) X iua^eNt b r, 

VIZ. As tangent of the fun's greateft dtcUnatidti 23® 28', 

U ro radius, line d 90 degrees; 

So iifme of the fun s cfcvjistnai iltf'crencf^ 

To tangent of the la thud r ■ ■ » A geiicr.il rule. 

At tlip end of tlA* firll climate the fun riles J bv-fere 6 : an*! irt evr#y 
chtnnte, if you take half the length of the day, and dedudl 6 hours 

tlierefroui,* the remainder turned into degrees vdl give the »fc- ulionol 
difference. Hence the alVcnfional diftcrence, for the Hrrt climate, is 
xy mimites of time, equol to 3® 45'; for the fecoiid climate 39 minutes 
— 7^' 30'; for the third climate 45 nnfiutes — ii*’ 15 ' ; for the fourth 
diuMte 1 Hour sr i.f®, &c. 

As taiivent of 23** 28' 9 fi 37 <)i | As tangent of z*;® 8' 9.63761 

Is to radius, line of 90® lo.occco Is to radius, line of 90® 

So is tino of 3‘» 43' 8.81360 is fine of 7® 3®^ 


To tangent lat, 8 ® 34' 9*17799 'Jt'o tangem Ut. 16® 44' 947899 '' 

Cotifitu&ion of the f:ond Table. 

The loitgefi day is tlte aift of Jime> when the fun’s d’ecliitation is 
93^ zS** north. Count Hlitlf the length of the day from the ^Jcil of June 
Reward and backward; find the fun V decliaation anl\««ring to thole tun 
' days in the riavidcsil almanac, or in a t^hle of the lun'b ^clifiation; add* 
ttie two dtfcUniit'ioiu together, and divide their fum by a, lubtrait the 
‘tfttocient (^011190 degi»cs» and the remainder in the latliuicte. As the Inn's 
4acllnatioii is variable, . it ought to be takop out of the almimae,. or^ tables, 
far Year and the clicce follow ing y«a ^4 a mean of thejl'e. declinations 
iifitd as aWc will give the latitude a« cotr^l a$ thd' nature:^ tb^ .problem 
admits of, and in thb manner thd fbcond c^lo was tDnllcn£Icd.^*- 48 i^ic>jr:i 
fan haliaii aftronomer and luatl^ematicbn, boiil at F.errarft, in tbe Bo^'s 
^ ekimmions, ts9f^) m bis ji/koS6mi^ Ke/ormafa^ publilhed in 1665,' 'makes 
an allowaneofor ^ retrft6ti0ii of xlie..aemofpht'ie in a cable ^.^difiatcs. 
1 Ic coiifiders incre<ife of ^ys fo be by half hours, frdm iz tixxA Itoyrs ; 
by hours from 16 to AGhb^a^ W ahouisfruin nq to d4 lioui’S«; and by 
months in the frigid son^iiildukl^ ihe munbet of tlie dnys of eadt month m 

jcbc 


t. i>jitin(T(on 59 ice. 

tlic north (I>ini)titt £ mor« f hsrn tboTe in dtefouth ; but, at th« 

refradtion of the atmpTpher# ni to esttHetnely variable ihat iLarcelv any two 
m ithematieiam agree with feiped to tlie q^ntity, it » evident tluta table 
or climates, colciilited with lui.h an uncertaiii aUoweiice, can be of no ma- 
tcrui advantage. 

70. A ZoNls is a jportion of the furfaee of the earth con- 
tained between two iniall circles paratlel to the equator, ami 
i<i Umilarto the term climate^ for pointing out the litiiations 
of places on the earth, but Irfs craft ; as there are only J!ve 
rout's, whereas there are 60 climates. 

71. TtfL Torru) Zone extends from the tropic of 
Cancer to the tropic of Capricorn, and is 46^ 56' broad. 
I'ins /one was thought by the ancients to be uninhabited, 
becaufo it is cofitimmlly expoftd to the diicft rays of the 
fun ; and fiioh pai is of the torrid zone as were known to them 
were fandy delcrts, as the middle of Afnc/h, Arabia, See. ; 
and this fandy defert extends beyond the Wft bank of the 
Indus, towaids Agimere. But tbefe deferts are not pro- 
duced merely by the exccilive heat of the fun, as the an- 
cients hnagined ; becaufe it is well known, tliat moilhire is 
one of the greateft inconreintnccs iu feveral parts of the 
torrid zone. 

7a. Tke Two TcMPERArr Zosis. The north tern- 
porale rone* extends from tlie tropic of Cancer to the ardlic 
circle ; and the fouth temperate zone fixm the tropic of 
Capricorn to the antarftic circle. Tlicfc zones are each 
43^ 4' broad, and were called temperate by the ancients, 
becaufe meeting tUc fun's rays obliquely, they cnjO| a 
moderate degrce of heat. ^ « 

73. TheTwo FrigioZonts. Tim north frigid zone, 

or rather fegment of the fpherc, is bounded by the arftic 
circle. The north pole, which w 23® z8' from the arftic 
circle, is fituaied iu the centre of this zeme. 'Bhe ibuth 
frigid zone ii bouttded by the antarftip circle^ cfilitint 
21® 9$' from ibuth which is fitualed in. the centre 
oitbia zone. ' 

74. Amthiscii are the inhabitants ef the torrid zonof 
fo caQed, becau£t they pail their ^dows both imrtli and 
£>uth at diSereiit times of the year 5. the fun being fCM 3 ^» 
times to the Couth of th^m at nobuf oud at other uotes'to 

‘ the 
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the iiortJi« Wlien the fiui is verticslf or in tiie seoith^ 
which happens twice in the year* the iiihabitaiUs have no 
Ikadow* and are then called Ascii* or ihadowlefs. 

75. Heterosch is a name given to the inhabitants of 
the temperate zones* becaufe tliey cail their Shadows at noon 
only one way. Thus* the fhadow of an inhabitant of the 
north temperate zone always falls to the north at noon* 
becaufe the fun is then directly fouth ; and an inhabitant of 
the fouth temperate zone caib his fhadow towards the fouth 
at noon* becaufe the fun is due north at that time. 

76. Pcaiscii are thofe people who inhabit the fiifrid 
zones* fo called* becaufe their madows* during a revolution 
of the earth on its axi<!* are direfied towards every point of 
the compafs. In the frigid zones the {bn docs not fet during 
fevend rcvolutio[i8 of the earth on its axis. 

7 ^. Antolci are tliofe who live in the fame degree of 
longitude* and in equal degrees of latitude* but the one has 
north and the other fouth latitude. They have noon at the 
fame time* but contrary feafons of the year $ confequently* 
the length of the days to the one* is equal to the length of 
the ni^ts to the other. Thofe who l^ve at the equator 
have no Antccci. 

78. Perioeci are thofe who live in the fame latitude* 
but in oppofite longitudes ; when it is noon with the one, it 
is midnight with the other } they have the fame length of 
days* and the fame feafons of the year. The inhabitanti of 
tlie poles have no Pcriccci. 

79. Antipodfs are thofe inhabitants of the earth who 
live diametrically oppofite to each other* and confe- 
qucntlv walk feet to feet ; their latitudes* longitudes* fca- 
Ions ot the year* days and nights* are all contrary to each 
other. 

80. The Right Ascension of the fui^, or ^Aar* is 
that degree of the cquiagftial* which rifes with the fjp* or 
a ilar* m a right fphere, and is reckoned froim the equiooc* 
tial point Anea eaft ward round the globe. 

81. Obliooe Asceksion of ihefitti* or a fiar* is that 
degree of thc equino&ial wl^h rifes udth the fiin* or St ftar| 

'in an oblique. l^ere* and is Itkewife counted from.tbe point 
Aries ealtwara round the globe. 

82. OBviqvs 



Ciap^ h UFiKlTlOliSf &C. %t 

&1. OitiQWE DEte«iiti0ii oftkefim or a ftftfi ih that 
of die eqainofyal which fits with the fiia or a 
in an oblique fj^beie. 

83. The Ascehsioival or Dbscensionai. Differ* 
RNCEi is the difference between the ri£|ht and oblique 
afcenfion, or the difference between the right andohlique 
deicenfious and^ with veCftA to the fun^ it it the thhe 
he rifes before 6 in the ^ummeri or fets before 6 in the 
winter. 

84. Thi Cripuscvlomi or TwilighTi is that &int 
Itjfbt which we perceive before the fun rifes, and after he 
fets. It is occauoned by the earth’s atmofphere refrading 
the rays of light, and reflefting them from the particles 
thereof. The twilight is fuppofed to end in the evening, 
wdien the fun is 18 degrees below the horizon, or when ftars 
of the iixth magnitude (the fmalleil that are vifible to the 
naked eye) begin to appear ; and the twilight is faid to be- 
gin in the morning, or it is ffay-breat^ when the'fun is again 
witbia, 18 degrees of the horizon The twilight is the 
ihorteft at die equator, and longeft at the pdes ; here the 
fun is pear two months before he retreats 18 degrees below 
the horizon, or to the point where his rays are firft ad- 
mitted into the atmofphere ; and he is only two months 
more , before he arrives at the fame parallel of latitude^ 

8^. Refraction. The earth isfuri'ounded by a body 
of aW, called the Atmosphere, through which tbo niys of 
light come to the eye from all the Ircavenly bo£es \ 
fince thefe rays are emitted through a ^oacuum^ or at tfipjl 
thtous^ a very rwre n^edtum *, and fall obliquely upon the 
atmoi^ere, wHicli is a denie medium, they will, Dy the 
laws of optics, be refraded in lines approaching nearer to 
a perpenwcular from ^e place of the obfemr (or nearer to 
tlw zemth) than they would be were the' medium to be 
remow^i* Hence idl the'heave^y bodies appear higher 


* AnyEuitfL,<^ tfaraufh whidi s nw ef liglic can penscnRit, 

is qM A fttedimi as air, WitWj oU, Ac. The air rear the fnrAce 
of the earth It more jMt than in the hii^r regions of the ttmoi^ihere ; 
amd beyond the atm^diere, ffie rays dP light Sre Atppofed to meet phH 
liifle or noTcfiftaMo. 

tkao 
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tlmn they really are, and the ncaret they arc to the Tionzbn 
the greater the refraftion, or difference betiveen their ap- 
parent and true altitudes will he ; at noon the refraftion is 
1 he Icaft, The fun and the moon appear of an oval figure 
fometimes, near the horizon, by realbn of rcfrB 61 ion j for 
the under fide being more refracted than the upper, the per- 
pendicular diameter will be lef» than the horizontal one, 
which is not affct\ed by refraftion. 

Refraftion ia variable according to the different denfity 
of the air ; hence it happens, that wc fometiines are able* to 
fee the tops of mount atns, towers, or fpircs of churches, 
whicli at otlior times are inviiible, though we Hand in the 
fame place. The ancients knew nothing of refraftion, the 
firll wlio compofed a table theiuof wasTyr^o Brabr, 

The fun’s itKA'idian altitude on the longefi (day decreafes 
from the tropic of Cancer to the north pole ; and in the 
ton*id zone \yhc^n the fun is vertical thexe is no refraftioir ; 
lieiicc the refraftion is the lead in the torrid zone, and 
gn‘atcft at tJie poles. Vaiieuius, in his geography, fpeaking 
9f the wintering of the Duich in NovaZembla, latitude 
north, in the year 1596, fays they faw the fun in the year 
1597 fix days iboner than they would have feen him, bad 
there been no refi'aftion. 

J)6. Angle of Position beUveen two places on the 
terreliml globe, is an angle at the zenith of one of the 
places, formed by tlie brals mendian, and the quadrant of 
altitude pailfiig through the other place, and is meafurod 
on the hori'/on. 

S7. Rhumbs are the divifions of the horizon into 32 
parts, calkd the points of the coxnp,ar8. The ancients * 
were acquaint I'd only with the four cardinal points, and 
the wind was faid to blow from that point to which k Was 
neareil. 

A Rhumb line, geometrically iWaktng, is a loxodromic 
«>r fptral curve, dra\su or fuppofed to be drawn upon the 
Tartly fo as to cut each mendian at the fame angle, caDed 
t\ur patiper asgic of the rhumb. If this line ^ contitiufrd. 


* rii&y*s Nat iliit bill. IL chap. 47. 


it 




Chap, h &c. 2^ 

it will »ev€ff retaF^.: 4 iil^ i<.«.iDple,r<&xccpt 

it Iiappoiis to north Hnd.foutU ;, 

and it can never be a right une upon apy xnapi epcc^t the 
meridians be parallel to each other, as in Mercator’s and the 
plane chart. Hence the difficulty of finding the true bear- 
ing betweeo two places on the,terreftrial ,gkbe, or on any 
map but thofe . above mentioned. The bearing found by a 
ejuadraut of altitude on a globe, is the only mcafure of a 
iphcricaLangle upem the funace of tliai globe, as detliied 
by the an^lc aud not tire real bearing or rhnmbf 

as fhewn by the compafs : for, .by the eompafs, if a place A. 
bear due eaft from a place B, the place B will bear . due weft 
from the place A ; but this is not the cafe when mcafured 
with a miadrant of altitude. 

Bf:)* Thk Fixi^o Stars arc fo called# Iwcaufc ther 
have ufusilly been ob&srved to keep the fame diftance witli 
refpeA to each other Tlie ftars nave au apparent motion 
from ca(t to .weft, in circles parallel to thtf*' equinuftial, 
ari(ing from tlie, revolution of the earth on its axis, from 
weft to eaft ; and, on ac^'ouiit of the . preceffion of the 
equinoxes, their longitudes increafe about 50^ fcconds in a 
year ; this likewife caufes a variation in jtheir decimations 
and right afeenfions; their latitudes are alfo fubjccl to a 
/mall variatioiu 

B9. Tub Poetical Rising and Setting of- the 
Stars, fo palled bccaufe they are taken notice of by the 
ancient poets, who, referred the riling and fetting of thf 
ftars to the fun. Thus, when a ftar rofc with tlie fun, or 
fet woeh the fun roTtv it was faid to rife and fet Cosmi- 
CALX.Y. When a ftar rufe at fun-fetting# or fet with tli0 
fun, it..,was/atd, to rife and fet Achronically. When a 
'ftar jUrft became vifible in the moniiDg, after having 
been fo near the fun as to be hid by the fplcndour of his 
rays, k was £ud to ri^a; Heliacally ; and vtrhen a ftar 
flift became jinvyible in the cveiiii%, on account of its near- 
nets .to the fun^ it was faid^o set Heliacally. 

90. A Constellation is an aflcmblagc of ftars on the 
furfacc of the celeftial globe, circumfcribcd by the outlines 
of feme aflumed' figure, as a ram, a dragon, a bear, (kc. 

This 
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This divifion of die ftars into conHellationB it noceffiuy^ in 
order to diteA a perfon to any past of the heavens where a 
particular ftar is utuated* 


The following TaUct contain alt the conftellatioiis on the Ntw SrUi/h 
GMct, The northern conftellationt are in number 34 ; the ibucfaeni 47 ; 
the aodiacal conftellations are 12; amounting in the whole to 95. The 
largeft ftars are called ftari of the iirft magnitude ; thoTe of the fixth magni- 
tude are the fmallcft that can be feen by the naked eye» Use number of 
ftars in each conftellation, except thoie marked with afteriik% are taken 
from Flamftead. 


L CoKSTXLLATlOKa IN TUE Zo- 


Ndmet of the Principal 

DlAC« generally called the Stjene of the 

her ef 

Stare f and their Mmg^ 

Zodiac, 

Slare, 

nitadet. 

X, ArieSi The Ram, 

66 

Arietis %, 



rAkieharan |» 

a* Taurus. The BulU 

X4I 

^The Pleiades. 

3. Gemini, The Twine, • 

«5 

CThe Hyades. 

Caftor and PpUux x. z. 

4, Cancer, The Crah. • 

8j 


3, Leo, The Lien, 

95 

XRegulus, or Li(m*s 
/ Heart x. 

• 6. Virgo, The Virgin, 

xxo 

t Snica Virginis i. 
(VendemLitrix z. 

7, Libra, The Balance, 

51 


S, bcorpio. The Scorpion, 

44 

Antarcs x. 

9. Sagittarius, The Areher, 

69 

% 

10, Caprtcornus, The Goat, 

51 


:tl. Aquarius, The iVater Nearer, 

X08 

Scheat. 3. 

12. Pifrest The Bifias, 

1*3 





Ck^I 


»irwmoif»» ke> 


rmuoarmmKcamautArtam. 
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DFFINiTIONSi v».C. 


VI. CoMSl JCLLAi J.OMb» AfiC* 


S C^rtis M.ijor, The Gre9tJ)iig% 

9 * V)\i% Katitica9 Tin Marimet^* 
Cwtpafit 

xa'^Maduiu PiMJumatica, TbeAtr Tump 
IZ. Crater, The Cnp mr GehUt^ 
la Corvtia, Ti&tf Ciw, 


X. Ceotauni«a TheCeniaur^ 

2. Lupus, The 

3. ^ Norma, Vel Quadra Fuclidis 

RuAhts S^uat'e^ - ♦ 

4 * Ctrcinus, TTte Cemfmjfe*^ 

5* * Triangulum Auftrala, The foutherm 

Triaufrif^ 

6. * Crux, Tlbe Cref*^ 

7* * Mufca Auftr^, \el Apis, The 
fiutberh Fhf or See» 

S, * ChamoeleQia, The Cametemt 
pu A/a, The 

10 * Tdeicapmm, Jhe TAf/u^e^ 

11. Corona Auftra&, The fimthcrn Creu a, 
II. Indus, STju/adirir, • 

13. * tirmtTtetirhnet 

1 4, ^TavOs The Teaeeeht 

TC. * Apus, vf^ AMb 1 iu|ica, The hm! 
of P»eMe^ \ 

16. * O^ans Hadlatanus, Uadleys 0 c~ 

lea/, . - . 

17. * X*h<xnigf - • 

xjf. ^ Mamotqkium, TTie Clocks 

xo« * l U ri cuCtt RhombokUis, The 
^ iUmeMdel Nee, 







Pari I* 


d8 BETlNlTIOMSy &C. 

It liai Iwen rtmirkAd in the 13th dcfimrion (page 4)>«here fome account 
of tlln « 1 |^ of the tarelre figtit of theeeriNiC 11 ghren, thattho ChaMcaiia 
nn# Sfiriiliaiis tegiftofii the evania of their hiftonea, fcc. among the 
4 m W emUematical 4 gttria« and that ihia method mat IbttMeed^ ^e 
Qeeelv end tiielUiiianis theo^tbe Killinry of many of the conAeUatkmi 
hf finvolved in fii]fle.eo abdraA of the nm general ophiintt of 

dbeir origin may not m unlnmreihig. 


X. ITO KOllTRBllK COMmXXAm 


liifeMa MmALlre# The mouatehi Mmahia m Arcadia tma iiicred 
to the god Pan, and freonemed hy Ihephefls : h leceired eii pnao limn 
Mamalni,a Ton of Lycaeii hlng of AvcmHi. 

StntnMa it aUb catted 8 trp 4 a$ OfUmfJkf being grO^ipad hy the handi of 
C^pMndnit 

SitriMrAnivai or idf^eh/laeyiax)mA»iedwiih alaige 

heaei^ and holAig h his tom handao ieopeiR. The Ihipent waa the 
fMdmhofincdidaie,eiidof thn goda whoymfided over it, ai Anolband 
JBftnlafiuii tecaidh eht anctam fdiydciana uTed ierpenta in mir pre- 
ft pi pthmii 

PaMATOwici opw lb oiBed in honmir of Count Fanim 
lowflu, • Polhh nficer of eau a m d ma ry ine»t» who eavol the lile of 
Charlie XIL of Sweden, at tha hpttle «f Ihdtnwa»« aewn aaaf the 
XMttWriibont tiOtoilea tethkoaftef fifawt agd n leiond'Chmi a^aho 
^heMNf 1 Ro|en,«Mrcha aaonthofahe ewer Oden 

Seuovii Snmintsi waofb named hy Ifevettui, Ih dmnr of John 
So^eflu, hing •of Pohuid. Hevelhis wm a eeidawmd etimmiiMr> born at 
Jkiiiaklri hi cocdegiio of dkad Aen waa IntUed Pkmamatfm 
%llimiraf, mdedicatedie dm hn^ 

AftniM la ttjwaM to have been Mcfaga, n kMf 41! dM UM of 
Coe, one of ttieCpcIadett who, acceitag m Oatd, wm ehungnd hno Ml 
eagfa, and pbcadmnengdieeonftehationn 
Airtiichna twwa youthef flithyntain Alta Mhnn, a fnai favemrlia 
ofttmamptior Adrian, who eneftid o temple to Ida wimery,nnd piam# 
lim a mong the confhdiMSeiMiM-Aminihia la fanmetty leckdlied a mtrm 


Sflawaara, tha Inili k&ak,ttjfw£ MWfk the hortfe head^ k 

yoled Cobc thehfoihirnf 

Inin Mrianm wm Ihnaed out «f the Mk pf mufarmed 

tea of te inalMna, wti jtetd teenl4tn,«te aodiacal oaidleliatkn. 
Att0a4tedo dpa teahh riUiih'l^no vm ihnoaleimiiad^itBiMajnhon 
'Wifich Mi Mffoi- tai A, tnnii Vk ^ HmilM im 


to tim 


thf iuMtfkk 
iTtkitiM* 1 
the Egypiiaa hiimgdivdhni long Ipdbit 



-Mi> MiMtoMMItfPsaf' 

bte f t hf —iiM ai a t i <fcli*ty»la wfcW i M i nwW l| ^> 



Chop^ !• 


DEFlKlTtONS, 


ckiailiMl hiinfc'f intKffikiQ; |«met wm uiljfKiaM M cbrnw 
thbgrc«t.jeveBt« , 

Coma Bxhemicm if compoTcd oC the unfoAtU ilan> Mtveeti tM 
Lipa^trii md Bixuut. Bertoice was ^ wife tKT £v^ete«» e firnime 
fifsilyniK benefiidor; aihcn he wtept cm i 4^nplm$ d^Mhloii, the 
vowed to dedicate hw hair to th foddeM iTemif if he recufiied W iliftcjr. 
Some time after the viAoriom return of Bvergfttf^ th«"ldi(l:l vk^bidi wtio 
m the temple of .Venua* dili^tpeared ; and CDBon» on aftronomer* puUidy 
repotted tnai; lufiiir had cafiied them tw^y, nad made them a condeUa* 
uom 

Aariaion it cnAa.A,or/ CAWca VaNATJCti the two sreyhoundc, 
held In a ftthtf hy BBoceat they lecie fecmed hy*Mavalma out ofdhe 
Sf^ /eJbfWiM of um amfenteaialo^^ ^ 

Bdo'ins it Ihfpofed to he AvoiWaloa of Inpiiejr end CSaBCUf vduaw 
who wee jeeloiie « JOfiCdr, cheii|«d Califte hifce e. heart Bie m§ wtar 
hem^ kHlM by her fan Arcaa in humins. Jupiter fo prevent fanhil' in*« 
jmy hem thn himiBiielit made Cidiffn a conftallati^ of heaeont aid on 
rheddiEdkof Afeat,eoiifeffed the d im e h o no ur on him. BB a ttf ll rMo* 
featod u a fMA in a wadciligpoftnret grafping in hb left hand o abihv 
and having hit fight hand eitmded np r a w li ^ hdtong tht ond of thn two 
dega Afterion and Ohara, which feem to be barfting at the GitatiBnir % 
htnatBd(Meeblhin€timMcalhMllhehean4hiMa^8nilt^ ottc* aftipmd 
him itodBentim two heakMfmmdfihDni d M r p il e , 

CdhtihA Bonnonia li a heandfiil acowni^viM If Bacehnn the dm 
driopiMr, to Aatadun, aim dani^Mer nf Minoa^ftM^ Kmg ii Gaatv^ 
Bacf^ia laid to have mmnM ArMae after Bio waa hefely d f ft wm d ly. 
TlMala»,king a(f Athena, and after her death dte ewwro whkh Benriina 
had ghnm hertMOtnedo a eofd^^ 

Hnnovitt ia repKeftnead on tim edeftU Bohn heldiei » cMb in 
fight hand, the t h re e ha a ded dog CedMeiMin wliA^andtho fklaefiiii; 
Wim te nn Uea A f ena n o wr hb flieiiMin> HntevimwmtlMteedliBlIi^ 
and AiemennfciindfeciMWedthemoftf^ herom attigniw^ 

Cannanoa wia a dog helongmg to Pluto, the fad «f«tlk% hiiMBd 
ngglMt dib dag dfty headt, according to Hefiod, e nd dwnn <n^-> 
lh| 0 ) Mar gipW d og^ai he wea ftatkmed at the enmaen ef idm imiknt 
nd Nglona, m n weMful heepar, to prevent Hm hring hem onitriM 
and^tfae dead ftrem cftapiii|^ from their eonfinement* *1 he liA4nid mom 
ddjj^eimMWgplMdf HAe^ waa to dmgCacberiif ftmn the ntfemat 
MftMsnd hring him Woio£uryflheiia,hing of AffiA . , 2 

erh^^ ThhmmdNiU: 

tM dnr arAA#4MtolfiiHdbrwmdio Ifre^ hnciM thidbi^ 
wgrt nfighi% jBiaiten thn fhdWo —milt bbodhrtadtlMtthbbiM 
MdMehdwnw^ MhMif fmw 

«MdiAdm wiluaitr^iaiAM. oa ^^iuwMnb wifti Bmvdwau emaiimin 
■ to'i we r al Mwi I i ti ilw ini ii lfc i imuft i p i n f Iwnw ih h ii itti i 
hb tgiftilni^’hnd hb Jyim lfecdWadW«*ofd|ie<onBallaMmn 

wtajOf OmCv 

HiMittikfliiltflte'ttiihMIMA Mlif JKtfal 


fma 

BaorTTA* 
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Part I* 


A, the Arron. The Greeki fi) that this conflcbatioA outs 
tsdfigliit to one of the arrotts of Henulea, uith which he kUlcd the 
eaglt W vnlci that perpetu«iUy gitauc 1 the hver of Prometheui^ whe 
wea tied to a rock on Mount CAucafus, by < rder of Jupitci.. 

X>£LPAlNu<i, the dolphin, was placed amojig the cooftelkitions by 
Neptunte, benule by mmis of a dolphin AmphitiiCc became the wife of 
I^cpttme) though (he bad made a vow of perpetual lehhdc). 

PrcAsiM, the w inged horlc, according to the Greeks fprtuig from the 
Idnod of the Gorgon Medufa, after Pcrieiis, a ion of Jupiter, had cut oft 
hii head* Pegitua tited Jns rUidcnte cn mount llchcou in 1 crrtia, 
wliciO) by ftnkitig the cirth v\Jth his loot, he produced a ^untam called 
Hippocienc. He became the faveuntt of the Mulesi and being aftei- 
wardc timed h\ llrptunc, or Minciva, he i.ivrn to JkiJerophon to 
coiMjner the Chioucri, a hideout ironfter that comiiuiilly \r mited dimes, 
the foreiistts of its body « ere thole of a lioii, thi middle was th< t of a 
gent, and the huidcr pant wore thole of a dragtu; it had thiec heads, 
Vtt, thatch a lion« a 'i^t, and a dtagon After die deftruflion of this 
monfter, BeHcrophon attctrtpted to fly to hea\cn upon Pegatus* but 
Jupttei lent an iiifo^b uhiJi ftur^ tlie horfe, fn thit he threw down the- 
ii^h Beilorophon fell to the earth, and Pcgiius continued his flight up 
toheawen^ and ^^as placed b> Jupiter among the conflellitions 

ANDKOSirnA is reprcfeiited on the cetefttal globe bytheflgure of a 
womm alniofl aakctly hming ht.r arms extended, and chained by the 
unit of her rtgitt arm to a ro^ $lie was the daiq^ey of Cepheut, king 
tf jEtbiopM, who, In order to prelerve hu Jungdom, was obliged to tie 
her naked to a rock ncir Jop)ni| mnv lafla, m S}iia,to be devoured ^ 
« lea-moniler ,* but (hr \ia« refeued by Perfeus, in hi^ return (rom me 
conqfocll of the Goin^Ons, wlm turned we monfter into a rock by (hew mg 
n tlm head of Memira Andromeda was made 4 conlUJ)acion after her 
death, by Mmorva. 

TaiANfiotu^ A trian^ it « well knowi^ %ire in |eQii^ttrjr, it 
wa« placed m ^e heavant in honor of the iim 4 fertile vm of 
bemesDed thedclta of die Nile, from its reiembl^ce to ihe jdrtek l^er 
nf tlwt name A, The Inventbn of gcomyt^ ndhafty aicribed ijnJSi 
Bgvntians, and it is afllrtcd that the anniLil giundatiotts of the idw 
Asm away the bounds aud land-nmrhib^f efiatei^gave ocafktt to 
iV^ obl^g tfie £g)ptuns to conCicksr the and betai^ 

ing^ho the weral pn^icturs. * 

UsHA Mjsjoa is faid to be Cobflo, an attendant of Dkaa the f 
of bunOME; Caiiflo was cham^d into a hear by Jnuo^^' 

/sAblise Is fartlier llated that the aticients ragnl _ . 

Idiqor and 0rlk Mimir, ea<di, tthger the furpt of a wiM 1 

team tdliorfes. lUhfft xopivit the counc^ 


dpyfcy the title of Chmhii ipy HI (enne 

Plowt*^ Ihcte afe two »h 

rTat the hiudmofl is ;ffae l^uant of wegiia CaUod the^ 
imSgmary lint drawn chi^^ tliM ilara wd i^xteud< 
aei? tlie |iolffl’tr in the tail of the l^ittle Bear. 


kn^ 


Con 



&£tl|llT10N»» (See. 






Con Carox.1, i« .Charles's heart,- in the neck of Chara,.tht linithetn- 
moll: of the tvio degl held in a firing by ^SioteSf vn§ fd deaxHvin.itcd'liy 
^Str Charles Scerbomgii^ phyfidaii' to king Ctohea lU hi boitoiw of 
khig Chalks 1. 

Daaco. The Greeks give varrons accounts of this coiiHtSiBation; 
hf lbm« it is reprefented as the watchful dcagoa nbich guardedctik friden 
apples in the garden of the Hefperides, near mount Athts in Afiica,: and 
wasilain by Hercules: Juno» wlio prefVntcd ^hefe apj^es' to- Jupiter oo. 
the day of' tbehr hujitials, took Draco up to heavens and made a con- 
firilation of it as a reward for its faithful lervicest otliera niamtsiriv that 
in a war with the giants tliis dragoti was brought into cotnbai, and o|^ > 
pofed to Miaem, wbofeized it in her hands and threw it, ewifted af -it 
U 1 U, into, the heavens round tlie axis of the earth, before it had time to uiu 
wind tts>contonions. 

CvGNtTS isfiibted by the Greeks to be the fwan under thd fonn- ef 
which Jupiter deceived Leda, or NemcHs, the wife of Tvndams, king of ^ 
Laconia. Leila was the tootlter of Poihix and Helena, uc mofi bcautUul 
w^oman of the age^ and aUo of Cafior and Clyteiriheilra.. The two for*, 
mer were deemed the oflTspring of Jupiter, and the othcra- daimed Tyii- 
darus as their fadier. 

:Lac«rta, the litard, was added fay HcveUus to the did cotificfia< 
tions. ‘ < , , < ■' 

Cassiopeia was the wife ofCephens, and mother of Andromeda. See 


ihtfe cosfjlctlc^Unt^ ai aUh Ceiuj* 

CevHEhs Was a long of ^hiopia, and rite father of Andromeda by 
Canio|)eia; Cejihbus was one of the Argonauts who went^with Jufon to 
Colchis to fetch, the golden flfcccw ' , 

Pfixitus it reprefented on the globe with a (Word m hie fight han<l» 
the he.^ of l\^u(a in hie* left, and wings at hfa 'aiKSks* ^Ptrieus 
the foaof Jupterand Danae. . Hotog the goci of the -fiifeninl 
lonthina his helmet, wJiich had ^power ^pf cen^ri^ it^ terefyip*" 
,v)^^V|4W!iervn; ^ goj^ft of tmdem fiWmlhed hi& her bw&r, 
asgiafsv; and he recerved l3i;dfm''.Merciiry winfi and 
a^ado^o^^vpitit ilnit eqnfpiwd,hocuto(r the.1iMd43f Meduia^dfrein 
^hieV jo ^ paiTage tlirough that olr, iiwaiig an 

JnmimMf’able '^tnlnnty of ierpenb which ever after it^efied the fsiidy 
d9i^,^yXihp^', .(^cdiriemsonc of the three Gprgbns wl|«i:ad rite 
— njith fioi^all rhofe on whom they lixa^ jhoir eyesi 
jonly one fulycdl to monaiity, the was celehxated for tlu9 
but/' having violated the (hndiaty of , the temple , 
go^ changed her ' iocks> into ferpents. Seefb^t^. 

AALva,.WJis The Camel 




Par0 J. 


^2 bErmiTiOKH 

legf to fht body, the fore legs are ib bog in companlbn with the luod 
oMtt tiiit tbte body feeiiii to flop# like the roof of a houle. 

AifixOA jf reprefemod on the eeleftiil globe, by the figure of a man 
in a kneeling or fitting pofture, with a goat and her kids hi hit left 
hand and a bridle in liie rtght llie Greeks give various accoutitt of 
tlfil ItonfteUBtion * ibme fuppofe it to be Erichthoniut, the fourth king 
of Athens, and fon ol Vulcan and Mmerva ; he was very delbiilied« and 
legs refembled the tails of ferwnts ; he is faid to have invented chu- 
rietf and the manner of hamemng horfvs to draw them. Others fay 
that Auriga is Mirnlus, a fon of Mercury and l^haetufa i he was chsr^ 
otear to OBfoomaos, king of Pifa, ui litis, and fo experienced in riding 
and the management of horfes, that he rendered tnofe of (Bnomaue 
the firifteft in all Greece; his infidelity to his matter furoved at M 
fatal M him, hut being a fon of Mercury, he was made a cooftefiition 
after his death. But as neither of thefe Abies ieem to account for the 
$/Ut and her kids, it has been fUj^ed that they refer to Am.*lth«a« 
daughter of Meltfibs, king of Crete, whtb ni conjunflion with her fiftar 
Maltflt,fed Itipitar wkh goats milk; it is moreover find that Aro.nkhsa 
sms a goat cidlad' Olenia, fiom ice refideoce at Olenus, a town of 
TaVainnnefoi 

Tm Ltmx wm compofed by HeveliuB out of the unformed ftars of 
At iMieotaB beCiraen Auriga and tlrfii Major. 


n. THE SOUTHERN CONSTELI.ATIONS. 


OsTxit, the whilef is pKaMded by the Greeks, to be the fea-monftet 
whfch Neptuna, bromer to luno, fent to devour Andromeda ; bectufa 
her mother, Gafiiopaia, bad boafted berfelf to be fairer than Jueo and 
the )ftefs&iaa. 

MiUAims^ the river fiat callad by Vugil tha long of r^vth waa 
jileted in the haarens forracthrhig Phaeton, whaiQ lupiter Rrack frith 
thunder bolts when the eai A wu tfarattened with a fftam dmdhgration, 
through the ignorance of Phaeton, who had prsAned to be abto to 
jgoidU foe chariot of the fun. The Po ll fomfrino calbd OrfoiiV 


CHmii Is fewefontedi on the gfohe by dm figure of a mm wiiii a 

rwM mlMsieitia riAbliit fiAihmri, and tha ftln of a hklfti 
IhftYbttllMbyfome amhon aoba rim to of Nofcuoamd tornfo,i 
fomfibifMmdcftt hapofibOed thadj^ofiHno of hit mdrimheamid dUa 
graataftJiidMr in^the worid^andbrnM rimt there was tHd aiwmtoiil 
oA^uiirfoMiiAibtoUMQO^^ OfoarsAj^thmlngtofnestml^ 

Jm jfjkMMi dim ^n. l*ia«M «Mk M, 

WttMT h« MfWKMSxMli Aat 




CQ whom ha madt a 


saver 



DimirioHS, ^c. 


DBmiriOHS, 5 rc. 33 

never tp marry ^Igainj dbefired them thi|» i(i h« was they 

would £tre km « fon wkhput oblmtnji km tokeak ka jNroiiufe. The |odf 
conrehtedj and Orion was product uom (he Kudt of the oat. 

MoNocaaea, the Uiucorti» was added by Hevehua* and oompoledef 
ftara which the anoentshad not compiifed witlun the ootlinea of the ochen 
cDnilelUtiona. 

Camxs Minen, the Little l>o(, accordinj; totheOrtekfahlaata eneof 
Orion*i hoandt ; hut tlie K^yptiam were moft prohably the mveiitnn of 
this confteliatioo, and as it riles before the dif ftar» which at e partocnLui 
feafon was To much <lieadLd» it 4 |ifoperly reprefeoted os a liule watcMul 
cfeature, giving notice of the other's appnNKk hence the Latins have 
called It Anrecanis^ the ftar before the deg. 

Hr ORA IS the water ferpent whiefi eccerdingto poetic fohle mfe^ed 
the lake Lerna in Peloponnefuc tins menfter had a great nemher of 
heads, and as fooii as ene was cut oH^ another grew in its flead; it 
Lifted by Hercules* Ihe general opinion is, that ibis Hydra was only a 
imilrkude of ferpents, which tnfofted the marfoes of Lerna. 

Sextans, the Sextant, a mathenoatical mftrumeiit wkl knewn bp 
maruierf, was formed by Hevehus from the SteiU Ittfirmn of the an* 
cionts. 

Micto8COP!UM,the MicrofoopeiitAn optical infonimcnt compoTedof 
lenfes or mirrors^ fo arranged chat by means of which very nunuce objefls' 
may be dearly and di Itndly viewed. 

Piscis AviTaALJs, tiic foutbeia Sfo, is fjppofod by the Cieeks to« 
be Venus, who transfoimeJ bcrfolf into a fiih, to efcape from thetexnbl# 
giant Typhoo. ^ 

IjEfni,the haro, according to the Creek was placed near Oneo^. 
aabbkg one of the animals which he hunted 

Gan IS Maiox, the Greit Dog, according ro the Creek fobles is CMee 
of Orion’s hounds ; {Ste Cims MmorJ but the Egyptians, who carefe^ 
wntehed die ritkg of this ton^tXkti^ and by It judged of the fwelhii|^ 
foe c^d foe bright liar Sinus the centiitm and tratek of the fm g, 
and aefomigtp foekfokroi^yphicat manner of writing repMrTenMdfonildtr 
the dgnre of a dog.* THe Egyptian** called the Nile henae hi« 

CoKVPi^ the Cmrp was accurJmJ^the Greek foUet made a efloftella* 
tkm byAp^l foiBfOiikeihgiealoueof Coronis (thedaughter of Pblcgym, 
and mfofaer of ufo a crow «p watchiher^ bchaviottr; tfm- 

bird, BrndnA oh e fode, pMivfd her cnmitial pmilafiiy t»tfchys| th^ 
1 faMudfoiHdM e^footedAp^ liereoodoct* 

OoWTAt/foiiTTlmGenfoiiciwefo A^e^of TheAly,hahfiiii|ioMi 
kilf kortfo tiuraliani were c d l ahr a fod for foeir ndll^k 
horfot, and idw rt pbe r afoA ow Imafobafo wagtfo nncommoiin ^ 
the foil At » dmee, they foia^ed foe 

korib to he ifoiAial* Ifo^^niitds ifodM in ‘ 
app emed on tafehafo, tboMkdMBieimr the 0bne Maas. 

MMotffoby Chrott foeCiMfoi 

^ #5 ‘ 
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AchiUely &c. ; l>ut <i8 S i^ittniiiis is likcv^ife fl 

Ccmftur, others have contended that ChaonKripreiented by ^‘agittai lus. 

CnuX) Cru ii jto or Cho^iek* llien Jie four liars in this cOiilleUa- 
tion iu^miug 4 uois, by viluch mAinieis iiiling in the fouthcni hemil- 
Inhere, readily find tliv fituation of the Ant.ir^tic pole. 

Ara is ItippoTcd to be the altar on which the gods fwore before their 
combat with the giants. 

Argo Navis is laid to be the (hip Areo, which c^riicd Jafon and 
the Argonauts to Colchis^ to fetcli the golden Ht cce 

Robur Carol], or Charles’s Oak, was fo (alltd h> Dr. HnlleY} in 
n^emory of the tree in tvhlch Charles II, faied bimfclf from hts purfuers 
dftei die battle of Worcefter. Dr. Halley went to St Hilena, m the 
yegr 16761 to take a of luch liars as do net rile above the ho- 

rlsim ot Xiupdon. 


91. GALAXY^aiViA OX MiUy-way^ isawlrtifli* 

luminous tnt6l wbicli feems to encompafs the heavens like 
a girdh*, of a coKtidei*ablcy though unequal breadth^ vary- 
ing from about 4 to 20 degrees. It is compofed of an in- 
iinittMiuxhber of final! llais, vihich by their joint light oc- 
cafiou that confufed whitenels vvhioh we perceive in a clear 
iiijfht ’whfin the moon does not fhnie xt^ry blight. The 
Milky-way may be tiaced on the cele<<tial globe, beginning 
at CygnuB, through Cepheus, Caffiopeia, I'crfeiis, Auriga, 
Oribn's club, tlie K'ct of Gemini, pait of Monoceros, Ajrgo 
Navis, Rdbur OaroH, Crux, the feet of the Centaur, Cir- 
cfniis, Ouadm Euclidls, and Ara ; here it is divided mto two 
paits, the eaftern branch pafleB tlirough the tail of Scorpio, 
the^ bow of Sagittarius, Scutum Sobieiki, the feet of An- 
tinotis, Aquila, Sagitta, and Vulpecula \ the wcllcrn branch 
paiTes tlirougli the upper ]jart of the tail of Scorpio, the 
ri^fat fide of Serpeutanu5, Tmirua Poqiatowiki, the Qoofe, 
'nud the neck of Cyj;uus, iind meets the aforrfddd branch in 
the body of Cyghua. " 

or ihud\^ S8« term applwd to certain 
fixed ftati, fmaller than thole of the 6th maj^ude, jjirhich 
only (li^ It dim haxy h^ht like little fpecks orclou^ In 
Praef^ int the breaft or Cancer, are reckoned 36 littfe^ftars ; 
F. le Comptb fidd^, that there ar^ 40 fuch in 
^ fides, and ^cco iif .the whole Cooftellation of It 

^may be further remnarlLed| that the hfiiky-way is a continued 
^ aflbmblage of Nebul«. 

93. Bayer's 
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93, Bayer^s Chapact^rs. I BajLi of Au|»fburg 
in Sviabia, pubhflicd m 1603, an extcllent ' , 
Ufonomchta$ being a complete ccWftial atlas of all the 
conilellationsi with the ufeful invention of denoting the liars 
in every conilellation by the letters of the Gieck and Ko- 
man Alphabets ; fetting the firft Greek letter ^ to the 
pnncipal ftar in each coiiftellation» B to the fecond in mag- 
nitude, y to the third, and fo on, and vyhen the Greek alpha* 
bet was iiniihed, he began with n, of the Homan^ 

This ufeful method of defcnbing the ftars'has been adopted 
by all Succeeding ditronomers have farther enlarged it 
by adding the numbers, 1, 2, 3, &c. in the fame regular 
fucceifion, when any confteHation contains more ftars^than 
can be marked by the tuo alphabet^ The figures are 
hotvever fometimes placed above the Greek letter, efpe- 
clally where double itarh. occur, for though many liars may 
appear fingte to tht naked eye, yet wiien viewed tlirough 
cl telefcope of confidtrable magnifying power, they appear 
double, tnple, 6 cl Thus, in I)i Zach’s Tabulr kfo- 
tuum, Sobs, lie meet viith / Taun, Taun, y Tauri> 
S' Taun, S Taun, &t. 

As the Ore«k letters To frequently ocair in L^ulogues of the flars 
and on the celeAial globes, the Gieek alphabet » her^ iiUioductU fur die 
ule of thofc who are unacquainted with the letters 1 he capitals iOt* 
ftldotn iiled in the catalogi e& of dais, oat are here given lor the lAe ot 
re^tilarit) 

TBIC ORCEX ALPHABET. 
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or » focuth put irf i cifcle, firom each otber; A 2jnMr» 
'wheo they ynj; How iGuB% or a thinl part of a dtclib iioni 
eacii other) £ Qfifis/Simh. vrheu thef are fix ^gtMt'or half 
a ctrebi OBch oUhHh 

-"f ■”»!« «. if fe 

BMm |M c|awWxne wioxw ^pwlUc »p€Q;» tw 

»do.^)rxacT. A placet’s motion is said to he dircd 
isImb it'*fin|km (to a ^peftatof on tho earth) to go fmerard 
in tha xooHK aeopding to the order oa^t^figns. 

toi. BraTioiijutt. A^phuietn Imdto he ftatMnar7» 
niiea^ (to an obttner on the ettth) it ajqpean tor £»» 
tune * the ftme point of the heasent. 

t«a. Hct^oaxM. Aphmetisfti^lo bejwtrogndty 
when it apparenO|' gocshadtward, or cootiaiy to the order 
ofthefiam. ' 

103. Dtet'r, the twelfth part of the fan or moon's ap> 
parent dhanetdr. 



idaaea. »• 
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iio. Perihelion or- Perihelium is that point in the 
orbit of the earth, or of any otlier planet, which is ncarcft to 
the fun. This point is called the lower Apsis. 

HI. Line OP the Apsides is a fli-aight line joining the 
higher and lower Apfis of a planet ; viz. a line joining the 
Apheliurn and Perihelium. 

ii2 Eccentricitv of the orbit of any planet is the 
diftance between the fun and the centre of the planet orbit. 

11^. OccuLTATiON is the obfcu ration or hiding from 
our fight any ftar or planet, by the interpofition of the body 
of the moon, or of fome other planet. 

114. Tran s IT is the apparent palTage of any planet over 
the face of the fun, or over the face of anol her planet, Mer- 
cury and Venus, in their tmfits over the fun’s dife, appear 
like dark fpecks. ' 

1 15. Eclipse OF the sun is an occultation of part of 
the face of the fun, occafioned by an hitei-pofition of the 
moon between the eartli and the fun ; confequently all 
eclipfes of the fun happen at the time of new mcon. 

116. Eclipse of the Moon is a privation of the light 
of the moon, occafioncd by an interpofition of the earth be- 
tween the fun and the moon ; confequently all eclipfes of the 
moon happen at full moon. 

1 1 7 . E lo N G A T 1 o N of a plunct is the angle formed by two 
lines drawn from the earth, the one to the fun and the other 
to the planet^. 

118. Diurnal Arch is the arch deferibed by the fun, 
moon, or ftars, from their riling to their fettiiuj.— The fun’s 
femi-diurnal arch ixS the arch deferibed in half the length of 
the day. 

119! Nocturnal Arch is the arch deferibed by the fun, 
moon, or liars, from their fetting to their rifing. 




• I'his and Tome of the preceding, definitions Tire given to Uluftt^e the 
.^ 8 ih and 39 pages of White*s Epltcrrreris, catted S/*c£uhtn 
*J he words tJong. greateft elongation of a pJsmet. rki plate 

’ II. Fig. 2, E rcprcfeiits thp eanh, V Ven^<y, jiikI S the sun. .'l.he elpiiga- 
tion is the angle n^i^red by tbcarch yS. 

120. Aber- 
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17.0* Aberration is an apparent motion of the celcftia 
bodies, occufioned by the earth^s annual motion in its orbit 
combined with the progrcflive motion of light. 

121. Centripftal Force is that force with which :i 
moving body is perpetually urged towards a centre, and 
made to revolve in a curve infteadof proceeding in a ftraight 
line, for all motion is naturally i-eftilinear. — Centripetal 
force, attraction, and gravitation, are terms of the fame 
import. 

122. Centrifugal Force is that force with which a 
body revolving about a centre, or about another body, en- 
deavours to n’cede from that centre, or body.— There are 
two kinds of centrifugal foice, \iz that winch is given to 
bodies moving round another body a centre, ufiially 
lulled the pRojncTiLE For cf, and that which bodies ac- 
quire by revolving upon their ow'ii axes. Thus, for cx- 
anq/le, the annuiu orbit «f the earth round the fun is dc- 
feribed by the aftion of the centripetal at^d projer^tilefori es : — 
And, the diurnal rotation of the earth on its axis gives to all 
its parts a centrifugal force pixiportional to its velocity. Sir 
Ifaac Newton has demonftrated, that the “centrifugal force 
‘ of bodies at the equator, is to the centrifugal force with 
‘ which bodies recede from the earth, in the latitude of 
‘ Paris, in the duplicate ratio of the radius to the co-Jiiie of 

the latitude. — And, that the centripetal power in the lati- 
“ tude of Paris is to tlio centrifugal force at the equator as 

289 * is to I.’’ 


GFOGRAFHICAL lilFOREMS. 

1 . THE latitude of any place is equal to the elevation of 
the polar ftar (nearly) above the horizon ; and the elevation 
of ilie equator above the horizon, is equal to the complement 
of the latitude, or what the latitude wants of 90 degree^ 
,2* All places lying under theequinoftial, or on the equa- 
tor, have no latitude^ and all places fituated on the firil me- 
ridian have AO longitude ; confequently that particular point 


rrh.ip.Prop. XIX. Bojkll'. 
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on the ^obe where the firft meridian ihtcrfects the equator 
has neiUier latitude nor longitude. 

The latitudes of places increafe as their diftances from 
the equator increalie.^ The greateft latitude a place can have 
is 90 degrees. 

4* The longitudes of places increafe as their diSances 
from the firft meridian nicreafe» reckoned on the equator. 
The greateft longitude a place can have is degrees, being 
half the circumference of the globe at that place \ hence no 
two places can be at a greater diftance from each other than 
ifio degi'ces. 

5. The fenfible horizon of any place changes as often as 
we chan^ the phice iMclf. 

6. AU countries upon the face of the earth, in refpe^^ to 
time, equally enjoy the light of the lun» ,and are equally de- 
prived of the benefit of it ; that is every inhabitant ox tlic 
earth has the fun above his horizomfor fix months, and below 
his horizon for the fame lengUi of time^.. 

y. In all places of the earth, except exactly tinder the 
poles, the days and nights are of an equal length (viz. ix 
hours each) when the fnn has no declination, Uiat is, on the 
aift of March, and on the of September. 

8. In all places fituated on the equator,, the days and 
nights arc always equal, notiritliftanmng the alteration of 

* TOt thoii|h nearly true is not accurately ib. ^ like refradioa in 
Aigb, latitudes is very conSderable, (fe^ defnitaott 8^) and near the pedea*' 
the fun will be feen for fevcral days befiae be cones above the botiaan ;; 
and he will, for the fame reafon, be feen for feaevaldaya after hehat de« 
Icendiffd below the ]iorizon.^The iithabitama of dhe poles (if any) enjoy A 
very large degree of twilight, the futi being neerly two inon^ beftawM 
iatreatox8d^ccs below the horisanvor todwfpim iriiem hh raysd^ 
firnadfaicted into the icmofpherey and he if fmhrtwaasoDtha mm jb«^ 
he ardres at the lame pemllel of latitude ; , a;^L psniadtpn^ turn dm. 
uarth^pi^ the light of the moon U greatly ^efeded far'lfai feMtaujof 
the.ihoiii^^ And the briglitnefs of the Amorr9cfenA|Nr$ ^ fbtt ^ 

lohgsr in peHiiig chrough the ' 

fbuthern figna ; that js from the vernal equhinx, which 
sift of Marcfcb so||^Autuniiitl equinox, which frih on ^ 
tember, being the nmuner half-year to the inhahkspitt imnli ladt|ii% 
h 1S6 days, the wiiiteir hsl^yefr is ihdrefiiire only dji^ h^a- 
hitanitt near the north-pole have eon&qiiefi^f more 1^ in thrcONifii dfa 
ywiiuttnoy mbm inhhhhsim An tholitrfi^ 

^ dm 
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tlic fuu*8 declination from nort;b to fouthy or from fouth to , 
north. 

9. In all placesi except thofeupoo the equatory or at tlic 
two poIes» the days and nights are never- equals but when the 
fan enters the figns of Aries and Ltbra^ viz* on the 21ft of 
March* and on the a^d^of September. 

10. In all places lying under the fame parallel of latitude^ 

the days and nights* at any pardcular tfane* are always equal 
to eacn other. ^ 

X 1 • The iocreafe of the longeft days Som the equator 
northward or fouthward, does not bear any certain ratio to 
the increafe of latitude ; if the longeft days increafe equally 
the latitudes increafe unequally. This is evident from the 
table of climates. 

12. To all places in the torrid xonep the morning and 
evening twilight are the (horteft ; to all places in the frigid 
zones the longeft ; and to all places in the temperate zones*, 
a medium between the other two. 

To all places lying within the torrid zone, the fun is 
vertical, twice a year; to thofe under each tropic once», 
but to thofe ill the temperate and frigid zones* it is never 
vertical. 

14. At all places in the frigid zoneSy the fun appears eve^ 
year without fetting for a certain number of days* and diu 
appears for nearly the fame fpace of time ; and the nearer 
the place is to the pole the longer the fun contmues without 
felting) viz; the length of the longeft days and nights^ 1h» 
cieaC^ the nearer the place is to the pole* 

^• Between the end of the longeft iiay* and the bemnii^ 
of {j^Jiongeft night* in th^ frigid zone* and between Uie,eod 
of toe longeft xugbt* and the beginnmg of the longeft day, 
the.iunril^aodTetsas at other places on the earrit. 

ItJw ail:phuBes* fi^iiated under the arftic or antar&ic 
whan he. has 23^ aS' declination, appeafz 
for W rifesand fets at allothA 

timea^f tho mar. , V' . 

between the .eqtxigtor and the north- 
pols^^ ^‘gc^day and night are tshett the 

lun % and; the 

fhorteft day ahdLjmgii^night; see when the liia has the 
ibuth dechnatton* 

x8. At 
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1 8. At all places betU'een the equator and the fouth-po!e 
the loiigcfl day and the ihorteft night are when the fun has 
(23® 28M the greateft fouth declination ; and the fhortefl: 
day and loiigeft night are .when the fun has the greateft north 
declination. 

19. At all places fituated on the equator, the (hadow at 
noon of an ohjedt, placed perpendicular to the horizon, falls 
towards the north for one half of the year, and towards the 
fouth the other half. 

20. Tlie nearer any place is to the torrid zone the Ihorter 
the meridian ihadovv of objedts will be. When the ftin^s 
altitude is 45 degrees, the Oiadow of any perpendicular ob- 
ject is equal to its height. 

21 . The farther anyplace (fituated in the temperate or 
torrid zones) is from the equator, the greater the rrfing and 
fettiiig amplitude of the fun will be. 

22. All places (itiiated under the fame meridian, fo far as 
the globe is enlightened, have nooli at the fame time. 

23. If a fliip fet out from any port, and fail round the 
earth eaftward to the fame port again, the people in that 
fhip, in reckoning their tiitie, will gain one complete day at 
their rcturn, or count one day more than thofe who refiw at 
the fame j>ort. If they fail weft ward they will lofe one day, 
or reckon one day less. To ill nitrate this, fuppofe the |Wir- 
fon who travels weft ward fhould keep pace with the fun, it 
is evident he would have ct>ntinual day, or it would be the 
fame day to him during his tom round the earth ; but 
people who remained at the place he departed from, have 
had night in the fame time, confequently they reckon a day 
more than he does. 

' 24. Hence, if two fhips fhould fet out at the fame time 
from any port, and fail round the ^obe, the one eaftward’ 
and the other weft ward, fo as to meet at the fame ’)port on 
any day whatever, they will differ two days in reckoning their 
time at their return. If they fail twice tdimd the barro they 
will differ four days ; if thrice, fix, &c. ' * 

25. But, if two Ihips fhould fet out at the fame tjhtie from 
any port ai^ fail round the globe, northward or ftmthward, 
fo as to meet a€ the fame poHon any day tvhatever, they will 
not differ a minute in n^kpiuag tlWhr time, nor from thofe* 
who refidc at the port. 


Chapter 
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Chapter II. 

0 / the. General Properties of Matter and the Laws of Motion* 
i, Tk /T ATT£R IB a fubftance which, by its different modi- 

J^Vi fications, becomes the objcdt of our five feiifes ; 
viz. whatever we can fee, hear, feel, tafte, or fmell, muft bo 
coniidered as matter, being the conftituent parts of the uni* 
verle. 

2. Thk properties of matter are exteniion, figure, 
felidity, motion, divifibility, gravity, and vis incrtise. Thcfc 
properties, which Sir Ifaac Newton obferves * are the fouii« 
dation of all philofophy, extend to the minuteft particles of 
matter. 

3. Extension, when confidered as a property of mat- 
ter, has leiigth, i)readth, and thicknefs. * 

4.. Figure ib the boundary of extenfion; for every finite 
extenfion is terminated by, or comprehended under, fomc 
figure. 

5 . Solidity is that property of matter by which it fills 
fpace j or, by which any portion of matter excludes eveiy 
other portion from that fpace which it occupies. This is 
fometimes defined the impenetrability of matter. 

(5. Motion. Tliough matter of itfelf has no ability to 
move; yet as all bodies, upon which we can make fuitable 
experiments, have a capacity of being transferred from one 
place to another, we infer tliat motion is a quality belonging 
td all matter. 

7. Divisibility of matter fignifies a capacity of being 
feparatetl into parts, either a^kually or mentally. That 
mattei is thus divifible, we are convinced by daily experi- 
c^e, but how far tlie divifion can be aAually carried ori is 
not eafily feen. The parts of a body may be fo far divided 
as hot to be fenfible to the fight ; and by the help of mi- 
crofeopea we difeover myriads of organized bodies totally 
unknown before fuch iuftruments were invented. A grain of 
leaf gold wiB cover fifty fquare inches of furfacef , and con- 
tains two Yniilions of viuble parts : but the gold which covers 

. * Newton's X’nncip. Book Ill^The third lule of reafoning in philo- 
Ibphy. • 

t Adams’ Natural and Experimental Philofophy. XXIV. 

the 
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the filver wire, ufed in making gold lace, is iipread over a 
fuf^ice twelve times as great* From fuch confiderations as 
ttefei we are led to conclude, that the diviiion of matter is 
carried on to a degree of minutenefs far exceeding the 
bounds of our faculties. 

Mathematicians have fkewn that a line may be indefinitely 
divided^ as follows, 

Draw any line AC, and another 
BM perpendicular to it, of an unlimit- 
ed length tow'arda Q; and from any 
point D, in AC, draw D£ parallel to 
SM. Take any mimber of pobts, P, 

O, N, M, in BQ; then from P a» a 
centre, and the aflance PB, deferibe 
the arch B/, and in the fame manner 
with O, N» Ml as centres, and diftan> 
ces OB, NB, and MB defcribe the 
arches Bo, S^, Bai. Now it is evident the farther the- 
centre it t^en from B* the nearer l^e arches will approach. 
loD^aad the fide EDwiU be divided into part6» eechfinaller 
than the precedmw one ; and finer the Une BM be ex^- 
tended to an bdeSnite diflance beyond Q, the line ED m&y 
be indefinkelv dbibifted, yet it can never be reduced to no* 
tipng, becaute an arch of a cbde can never coincide with the 
ftmight Ime BG, hence it follows that ED may be dimioiflMrd 

8* Gravitt is that force which a body endeavours t# 
defeend towards the centre of the earth. By this power 
of attra£Uon in the earth, all bodies on every part of its fur-, 
fiii^ are prevented from leavbg it altogether, and people 
move round it mail diredions, without any danger otfaSmg 
frohi it,~By the influence of attraction, bodfes, or the eon« 
ftitnent parts of bodies accede, or have a tendency to acoeife 
to each other, without any fenfible material imptt^, and^s 
principle isuniveifanydilumiinated throiigfatlie ttnii^rfe,mE* 
tending to every particle of matter, 

9* Vir iKeRTiJB is that bnate force of matter whbb ~ 
it refills any dian^. We cfbidt move the leaft parti- 
cle of matter vrithpiit fome exertion, and if one portiem- 
of mtter be added to another the inertia of the vrtiola is 

iaCreafed^ 
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iocreafed# alfo if any part be removed the inertia is diini* 
aiiftied. HencCf the via inertias of any body is proportional 
to its wright. ’ 

10. AaaoLUTB Aifo asLATtvs motion, a body is 
faid to be in abfolute motion, wiien its fituation is chai^g;ed 
with rdpe& to fome other body, or bodies at reft; and to 
be rebcively in motion, when compared with other bodies 
which are likewife in motion. 

When a body always pafi^ over ^ual parts of space ia 
eqnal fucceffive portions of time, its motion is faia to be 
nnsform* 

When the fucceifive portions of fpace, deicribed in eqpid 
timcsi continually increafe, the motion is faid to be aeei^ 
lerated f and if tnc fucceffive portions of fpace continually 
decreaft, the motion is faid to be retarded^* Alfo, the ino« 
tion is faid to be uniformly accelerated or retarded, when 
the increments or decrements of the fpaces, deferibed in 
equal fucceffive portions of time, are always equal. 

11. Th£ VEtociTY of abody,brthe ntteof itsmotioo, 
is meafuied by the fpace uniformly dejeribed in a given, 
time. 

IS. FoacE. Whatever changes, or tends to change, the 
ftate of reft or motion of abody is called force* If a force 
but fora moment, it is calm the force of perenffion or 
impulfe; if it a{it conftantfy it iscaBed an accelerative force; 
if conilantly and equally, it is called an uniform aoeekfi^m 

CcnEE'AL laws Of MOTION. 

Law L ^Sverjf tody per/everes in itcJlaCeof rejt% or uniform 
. ** mufm m o r/iilf /inCf tmMs it h cempeSed to change that 

•*jFm5s Iff forces inf r^ed thereon Princip. 

L \ \ 

> *I%itts, when, a body A is pofitively ^ 
at refti if no external force put it in AW~'' ^ 

motion it wiU always continue at reft. 

Btttflf;a^napisUebe given to it in the diroAion ABfimleiTi 
feme nbmek, or new force,, ftop qr retard* its znqtioii, St 
wffl contimie to mwre on mMomlff for ever, in the wne 
dfaedkion A]ft»r--iiqiice any pr^ as a foot from a 

cannon, 
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the fflver wire^ ufed in making gold lace, is fpread over a 
fiurface twelve times as great. From fuch confiderations as 
thefe, we are led to conclude, that the divifion of matter is 
carried on to a degree of mmutenefs far exceeding the 
boonds of our faculties. 

Mathematicians have (hewn that a line may be indeiinitely 
divided, as fallows. 

Draw any line AC, and another 
BM perpendicular to it, of an unlimit- 
ed length towards Q | atid from any 
point £), in AC, draw D£ parallel to 
BM. Take any number of points, P, 

O, N, M, in BQ ; then from P. as a 
centre, and the dxihmcc PB, defcribe 
the arch B/, and in the fame manner 
with O, N, M, as centres, and diftan- 
ces OB, NB, and MB defcribe the 
arches Be, Be, Bar. Now it is evident ilte farther the 
centre is taken from B* the nearer the arches will approach. 
toD^and tlmSde ED wiBbedtridtdi^a parts, eack&oaller 
than the preceding one $ and fince the line BM may he ex«. 
tended to an indtSnite diftaace beyond Q, the line ED may 
be indefinitely diminiihed, yet it can neverbe reduced to no* 
thing, becaute an arch of a drcle can never comcide with the 
flra^ht Hne BC, hence it follows that ED may be dimuuflmd 
adin/hkum 

8. Gaav ITT is that force which a body endeavours to> 

defeend towards the centre ot the earth. By this power 
of attradUon in the earth, all bodies on every part of its fur* 
Bite are prevented from leaving it altogether, and people 
iISd^ round it in all direAions, witboot any danger of nlhng 
itmBy the influence of attraction, bodies, 6r the eon* 
ftituent parts of bodies accede, or have a tendency to aco4^ 
to each other, without anj** fenfible material impuue, aodthis 
principle is univeifolly difleminated through the uniiterfe, ex^ 
tending to every particle of matter. 

9* Vis tNERTiA is that innate foiceof matted by whicli 
it refifts any chan^. We dLtmot move the leafs parti* 
dc of matter witBont fbme exertion, and if one Mition* 
nf matter be added to another Aft inertia of the umok ia 

iucreafe(4 
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inereafedt alfo if any part be removed tlie inertia is ditni* 
4ii(hed. Hence, the vis inertise of any body is proportional 
to its weight. * ' 

xo. Absolute aud eblative motion. A body is 
faid to be in abfolute motion, when its fituation is changed 
with refped to fome other b^y, or bodies at reft; and to 
be relatively in motion, when compared with other bodies 
which are likewife in motion. 

When a body always pal&s over ^ual pMa of' spaca ia 
equal fucceiCve portions of time, its motion is faid to be 
uniform. 

When the fuccelBve portions of fpace, deicribed in equal 
times, continually increafe, the motion is faid to be aeeo^ 
lerattd $ and if tlm fucceffive portions of fpace continuaSy 
decreaft, the motion is ftiid to be reiarded.* Alfo, the mo* 
tion is faid to be uniformly accelerated or retarded, when 
the increihents or decretnents of the fpaces, deferibed in 
equal fuoceffive portions of time, are always equal. 

I I. The vEtoetTY of a body, or die rateof its motioo, 
is msafured by the fpace uniformly deicribed in a given 
time. ■ 

is. Foacs. Whatever changes, or tends to change, the 
ftate of reft or motion of abody is called forte. If a force 
but for a moment, it is called the force of perculEcm or 
impolfe; if ft aA cooftantly it iscaBedan aecelerarive force; 
if conftantly and equally, it is called an uniform iccekriti^ 
force. ' ‘ 

General laws of motion. 

Law I, **£ver^ tody perftveres m or uniform 

. ^ 4||SriBN fo a rigjit unCf unhfe it u comMed to change that 
iy forttt^in^r^d fiincip. 

Thus, when a body A ss pqfitively ^ 
at reft, if no <riitenuil! (arps put it in AW^“ 
motion it will always continue at reft* ^ 

Bilt tf any impolfe be given to it in the direction AB, unkfe 
fome ubmmle, or new force, ftop or retard' its inptio% it 
vriU oontiniae to qsqae.oii u^ori^f, for ever, fo die foam 
dkefoioli AB.«-Iici[pe aBj pmjeAife, at a %iiji mot a 

cannon, 
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cannon^ an arrow from a bow^ a ftone cail from a i1mg» 
would not deviate from its tirfi dire£lio.n« or tend to t]ie 
cairth, but would go off from it in a ilraigbt line with an uni- 
form motion, if the a£kion of gravity and the reliilance of the 
air (did not alter and retard its motion. 

Law 11, The alteration ofmotiony or the motion generated 
“ or dejlroyed^ in any body^ is proportional to the force ap^ 
plied ; and is made ht the direSion of that Jlraight line in 
nuhich the force a8s.^^ Newton’s rrincip. Book 1. 

Thus, if any motion be generated by a given force, a double 
motion will be pi*oduced by a double force, a triple motion 
by a triple force, &c. — ^and confidering motion as an efifeft, 
it will always be found that a body receives its motion in 
the fame dire^ion with the caufe that afts upon it.— If 
the causes of motion be various, and in diflereut direc- 
tions, the body a6Ied upon muft take an oblique or com- 
pound diredion. Hence a curvilinear motion cannot be 
produced by a fimple caufe, but muft arife from the joint 
effeft of different caufes, ading at the fame inftant upon 

the body. 

* 

Law IIL To every a3ion there is always oppofed an equal 
re^aHion ; or the mutual affions of two bodies upon each 
“ other are always equals and direhed to contrary points 
Newton’s Princip. Book 1. 

If we endeavour to raife a weight by means of a lever, 
we (hall find the lever prefs the hands with the fame force 
which we exert upon it to raife the weight. Or if we -prefs 
one fcale of a balance, in order to raife a weight in the 
otber fcale, the preffure againft the finger will be equal to 
that force with which the other fcale endeavours' to de- 
feend. 

When a caiinon is fired, the impelling^ force of the 
powder ads equally on the breech of the gun and on the 
ball, fo that if the piece and the lialJ were ofVqual weighty 
the piece would recoil with the fame velocity as that with 
which the bail iffues out of it. But the heA^r anybody 
is the lefs wall its velocity be, provided the wliicn 

com- 
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communicates the motion continues the fame. Therefore 
ib many times as the cannon, and carriage are heavier than 
the bally juil fo many times wilFthc velocity of the cannon 
be kfs than that of the balL 


COMPOUND MOTION. 

1. Ifttuo forces ad, at the fame time on any hotly y and in the 
fame diredioriy the body nviU move quicker than it •would by 
being aded upon by only one of the forces* 

2. If a body be atted upon by two equal forces y in encadly oppo- 
fite diredionsy it win not be moved from itsft nation. 

Jf a body be atied upon by two unequal forces in exadly con^ 
trary diredionsy it will move in the diredpn of the greater 
force. 

If a body be aded upon by two forces y neither in the fame nor 
oppojite diredionsy it will not follow either of the forcesy but 
move in a line between them. 

• The firft three of the preceding articles may be confi- 
dered as axioms, being felf-evident ; the fouith may be 
thus elucidated : Let a force be applied to a body at A, in 
the diredlion AB, which would M K IT 

caufe it to move uniformly from [ TZT'TT- 

A to B in a given period of lime ; IJ j 

and at the lame inllant« let aiio- | ^ 

Uicr force l>e applied in the direc- C ' ^ 

tion AC, filch as would caufe the body to move from A to C 
in the fame time which the fird force would caufe it to 
mave from A to B ; by the joint ad^ion of thefe forces, the 
hody will deferibe the diagonal AD of a parallelogram*, 
with an unifotih motion, in the fame time in which it ^Muld 
dcTcribe one of the lides AB or AC by one of the forces 
alone. 

For, fiippofe a tMbe equal in length to AB (in which a 
fmall ball can moye freely from A to B) to be moved p^l- 
lel to itfetf from A" to C, deferibing with its two extremities 
the lines AC and BD, fo that the oall may move in the tu^ 
from A to B in the fame time that the tube has defended 
— — 

* A parallfclof mni is a four-tided figure, having each of the two oppodte 
tides e^tual and paruUeL 
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to CD; it is evident, that when the tube AB cohickles with 
thelineCD, the ball will be at the extremity D of the liner 
and that it has arrived there in the lame time it would have 
defcribed either of the fid^ AB or AC. The ball will like- 
wife defcribe the ftraight line AD, for by afliiminsr feverat 
fimilar jmllelograms AEGF, AKIH, icc. it will 
that while the ball has moved from A to £ the tube will have 
defcended from A to F, confequently the ball will be at G; 
and while the ball has moved m>m A to K, the tube will 
have defcended from A to H, and the ball will be at I. 
Mow AG'ID is a ftraight line; for linaller parallelograms 
that are fimilar to the whole, and fimilarly fituated, are about 
the fame diagonal*. 

5* I/a bodjf by an uiuform motion^ defcrUe one fide of a 
paraluloyramt ib the fame time that it would defcribe the adja^ 
eemi fide by an accelerative force ; this hody^ by the joint affion 
if thefe forces f would defcribe a curve^ terminatinji in the oppo* 
fite angle ofthe parallelogram* 

Let ABDC be aparallelogram, andfuppole the body A 
to be carried through AB by an uni- j,; k J5 
form force in the fiwne time that it 
would be carried through AC by an 

accelerative force, then by the joint H 

aAion of thefe forces, the body would V 

defcribe a curve AGID. For,by thejp^ ^ j ijj 

cedinor ilIuftrBtion,if the fpa^s AE,EK» 
and KB, be proportional to each other, the fipaces AF, F H, 
and HC, will be in the fame propordon, and the line AGID 
will be a ftraight line when the body is afted upon by unw 
Sofnti forces; but in this example, the force in tbe dixedion 
AB being uniform, would caufe the body to move over 
eomfoaces A£, EK, and in equal portions of time ; 
while tim accelerative force in tbe direction AC, wdul^caule 
the body to defcribe fpaces AF, FH, and HC, incieafing 
in magaitude in equal focceffive portiont of tkne, hence tbe 
pamlldomdis AEGF, AKIH, &c. are not about the fame 
diagonalf , therefore AGED is not a ftraight line, but a 
curve. 

a £udid VL an4 a4tlv f •nA Mth. ' 

6. The 
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6 . Xhe curvilineal motions of all the planets arife from the 
uniform projfMe motion of bodies in Jlrai^bt Uncs^ and the uriU 
njerfal power of atlraUion which draws them ojffrom thefe 
lines. 

If the body E bo pro- 
jefted along the right line 
EAF, in free fpace where 
it meets with no rcfiftance, 
and is not drawn afidc by 
any other force, it will 
(by the firlt law of mo- 
tion) go on for ever in the 
lame direftiun and with 
the fame velocity. For, 
the force which moves it 
from E to A in a given time, will carry it from A to F in a 
luccelhve and equal portion of time, and fo on ; there being 
nothing either to oblLrudl or alter its motion. But, if when 
the projertile force has carried the body to A, anotlier bo- 
dy, as S, begins to attratf it, with a power duly adjnlled and 
])eij»cndicular to its motion at A, it will Ik- drawn ir.nn l!i* 
lii.nglit line EAF, and revolve a!y>ul vS in the circle 
AOOO A, When the body E arrives vJi O, or any other part 
of its orbit, if the f.nall body M, within the fpherc of E^s 
attraction, be projected as iii the llraight line 71/ «, with a 
force perpendicular to the attraction of E, it will go round 
the body E, in the orbit w, and accoir*j):iijy E in its whole 
courfe round the body S. — Here S may rcprclent'Lho fuii, 
E the eai th, and M the moon. 

If the earth at A be attradied towards the fun at S, fo a* 
to fall from A to K by the force of gravity alone, in the 
fame time which the projectile force li.igly w^oiildhave ear- 
ned it from A to F ; by the combined aClion of ihef . forces 
it Will deferibe the curve AG ; and if the velocily xvith 
which E is projected from A, be fuch as it v7ould have ac- 



* If any body revolve rcund another in a clrrh.*, t!:c rerolvln* body 
waft be projeit'-d v.’iib a vvlo;:ty lo tii.ii wli'ui v\ov\M »»> 

4r.ircd by fallrig tiiroji.di half the radius of ibe towards tbc mCUm* t- 
in;; body. £».erftan* Cettt» JForea, Prop, ii, 

V qnired 
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quired by falling from A to V (the half of AS), by the 
force of gravity alone it will revolve round S in a circle* 
7. If one body revolve round another (^j* the earth round the 
, fun)^ Jo as to vary its dtjlance from the centre of motion^ the 
projeQile and centripetal folrces nwjl each he Variable^ and the 
^ath of the revolving body nvill differ from a circle^ 

Thus, if while a pro- r -r \ ^ 

jedlile force wo uld car- — r- — 

? r a planet from A to 
, tlie fun^s attradion ^ 
at S would bring it . 
from A to H, the gra- ^y/ 
vitating power would fn L 
be too great far the A 
projedile force ; the / 
planet, therefore, in- f \ 

Ilead of proceeding in n y 
the circle ABC (as in \ 
t he preceding article ) jj 
would deferibe the 
curve AO, and ap- 
proach nearer to the 
fun ; SO being lefs 
than SA* Now, as the centripetal force, or gravitating 
powtfl? -alhvays increafes as the fquare of the planet's dil- 
tance from the fun diminiflies f , when the planet arrives at 
O th^ 4 p««tf^petal force vnW be increafed, which will like- 
wife J^iicrcafc the velocity of the planet, and accelerate 
its motion from O to V ; fo as to caufe it to deferibe the 
arches OP, PQ, QR, RD, DT, TV, fucceffively increaf- 
ing in magait^e, in equal portions of time* The motion 
of the planet being thus accelerated, it gains fuch a centri- 
fagal rorce, or tendency to fly off at V, in the line VWf 
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as overcomes the fun’s iitt ration : this centrifugal or project 
tile force being too great to allow the planet to approach 
nearer the fun than it is at V, or even to move round the 
fun in the circle t a h c df See., it flies off in the curve 
XZMA, with a velocity decreafing as gradually from V to 
A, as if it had returned through the arches VT, TD, DR» 
&c., to a A, with the fame velocity which it pafTed through 
thefe arches in its motion from Af towards V. At A tnc 
planet will have acquired the i:im<* velocity as it had at firftt 
and thus by llic centrifugal and cchiripetal forces it will 
continue to move round 8. 

Two very natural cjuellions may here be afleed ; Wc. 
why the ad ion of gravity, if it be too great for the projec- 
tile force at O, does not draw the }>Ianet to»tlie fun at S ? 
and why the projedilc force at V, if it be too great for the 
centripetal force, or gravity, at the fame point* docs not 
carry the planet farther and farther from the fun, till it i# 
beyond the poiver of his attradion ? 

Firjl. If the projodilc force at A v/ere fuch as to carry 
the planet from A to G, double the diftaiice, in the fame 
time that it was cairied from A to h*, it would require four 
times as much gravity to retain It in its orbit, it mull 
fall through A I in the time that tlie proiedtile force would 
carry it from A to G, otlierwi-’e it could not deferibe the 
curve AOP- But an iucreafe of gravity gives the placet 
an increafe of velocity, and aninervafe of velocity increafea* 
the projeftile force j therefore, the tendency of the planet 
to fly off from the curve iu a tangent T m,' is greater at ? 
than at O, and greater at Q than at P, aud fo on ; henctv 
while th^ gravitating power incrcafes, the projedile ik»ww 
increafes, fo that the planet cannot be draw u to the lun. 

Sec&fidfy. The pnuedile force is the grealcit at, or near, 
the point V, ancf the gravitating power is likewife the 
greateft at that, point. For if AS be double of VS, the 
centripetal force at V wdll be four times as great as at A, 
being as the fquare of the dillancc from, the fun. If the 
projedile force at V be double of what it was at A, the. 


Fttiguroti''s Aflronaa^y, Art.J5.g. 
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fpace VW, which is the double of AT, will be deferibed in 
tne same time that AF was defenbed, and the planet will 
be at X in that time. Now, if the acliou ofgiiivity had 
been aiiexadt counterbalance for the projedbile force during 
the time mentioned, the planet would have been at t iiillead 
of X, and it would deferibe the circle /, r, &c. ; but 
the projeftile force being too powerful for the centripetal 
force, the plain’t recedes from the luii at S, and afeeiuls iu 
the curve XZM, Sec. Vet, it cannot fly off in a tangent 
in its afeent, becaufe its velocity is i\‘tarJed, and cinife- 
quently its pr«)jedliie force is dirniui filed, by the adlion of 
gravity. Thus, w’hen the planet arrives at Z, its tendency 
to fly off in a tangent Z //, is juft as much relarded, by the 
action of gravity, as its motion was accelerated tlici*eby at 
42, thereiore il muft be retained in its orbit. 


Chapter III. 

Vf the F/^ftre of the Earthy and its Magnitude^ 

T he figure of the earth, as compofed of land and wa- 
ter, is nearly fplurical ; the pmof of tliis affertion 
will be the principal objefl of this chapter. The ancients 
held various opiniims ref]>ecling the figure of the earth ; 
fome imagined it to be cylindrical, or in the form of a 
drum; but the general opinion was tliat it was a vail ex- 
tended plane, and that the horl/.on was the nlineft limits of 
the earth, and the ocean the bounds of the borizoii. Thefe 
opinions >vcre held in the infar-cy of aftronomy ; and, in the 
early ages of Chrittianity, feme of the fathers went fo far as 
to pronounce it L reticai for any perfoii to declare that there 
was fiich a tiling as the antipodes. But by the iriduftry 
of fuccecdrng ages, when aftronomy and navigation w'cre 
brotight to a tolerable degree of perfedlion, and when it 
was 3)ferved that the moon was frequently eclipfed by lire 
ftiadow of the earth, and that fiich lhadow always appeared 
circularon the or fare of the moon, in whatever pofi- 
(ion the fliadow was pro^eited, it neccffarily followed that 
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the earth, u-hich call the (liadow, mu ft be fphcrical ; fince 
nothing but a fphere, when turned in ever^’^ pofition with 
refpedt to a luminous body, can call a circular ftiadovv ; 
likewife all calculations of eclipfes, and of the places of the 
planets, are made upon fnppofjtiou that the earth is a fph'ere, 
and they all anfwer to the true tio'cs when acciii-atcly calcu*- 
lated. When an eclipfc of the moon happens, it ia obforved 
foonev by tliofc who live callward than by thofe who liv^ 
weftvvard ; and, b) frtcjuent experience, ailronorners have 
detennined that, for every fifteen degrees difference of 
longitude, an cclipfe liegins fa many hours fooner in the 
cailenimoft place, or later in the wellommoft. ' If the earth 
were a plane, eclipfes would happen at the fame lime in all 
places, nor could one pait of the world be deprived of the 
light of the fun while another part puioyed fhe benefit of it- 
1 lie voyages of the circumnavigator ) fnfficiently prove that 
the earth is round from weft tocaft. The firft who attempted 
to circumnavigate the globe was Magellan, a Portuguefc, 
who failed from Seville in Spain on the loth of Augnft 
1519 ; he did not live to return, but his ftiip arrived at St. 
Lucar, near Seville, on the ytli ofSeptember 1522, without 
altering its diredion, except to the north or foiith, as com- 
pelled by the winds, or iiitervcuing land. Since this pe- 
riod, the circumnavigation of the globe has been performed 
at different times by Sir Francis Drake, Lord Anfon, Captain 
Cook, See, The voyages of the circumnavigators have been 
frequently adduced by writers on geography ana the globes 
to prove that the earth is a fphere, but when we rcfli*?k 
that all the circumnavigators faiLd weftward round the 
globe (and not northward and fouthward round it) they 
might have perfonued the fame voyages had the earth 
been in the form of a drum or cylinder : but the earth can- 
not be in the form of a cylinder, for if it were, then tlic 
difference of longitude between any two places would be 
equal to the meridional diftance between the fame places,, 
as oil a Mercator’s chart, which is contraiy to obfervation^ 
— Again, if a fliip fail in any part of the world and upon 
any courfe whatever ; 011 her departure from the coaft, all 
high towers or mountains gradually difappear, and perfons 
on fhorc may fee the mafts of the (kip aftor the hiilf is hid 

» 3 ’ 
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by the convexity of the water {fee Figure II J. Plate I .) — If 
a veffcl fail northward, in north latitude, the people on board 
jnay obferve the polar it ar gradually to incieafe in altitude 
the farther they go : they . may likewife obferve new ilai's 
continually emerging above tlie horizon whieli were before 
imperceptible ; and at the fame time thofe Aars which ap- 
pear fouthward will continue to diminifh in altitude till 
they become invifiblc. The contrary phsEiiomcna will hap- 
pen if the veiTel fail fouthward, hejicc the earth is fpherical 
from north to fouth, and it has already been Aicwii that it is 
Ipherical from eall to well. 

The arguments already adduced clearly prove the rotun- 
dity of the earth, though common experience Aicws us that 
it is not ftri£lly a geometrical fphere ; for its furfacc is 
divcrfified with mountains and valleys : but thefe irregu- 
larities no more hinder the earth from being reckoned fphe- 
rical, confidering its magnitude, than the rougbnefs of ati 
orange hinders it from being cAeeincd round 

when philofophical and mathematical knowledge arrived 
at a Hill greater degree of perfection, there feemeu to be a 
very fufneient realun for the philofophers of the laA age to 
conlider the earth not truly fpherical, but rather in the form 
of a fpheroid f . This notion Aril arofe from obfervations 

on 


' ♦ Our largcft globes, are in general 1 8 inches in diameter. T he dia- 
meter of the earth is about 79^4 niiles. CJiimborayo. one of the Andes 
mount iins, the higheft in the world, is about 20608 lore or nearly 4 miles 
high. The ladius of tiic earth is 3982 utiles, and that of an 18 
inch globe 9 inches. Now, by the rule of tlurec, 3982m : 3982m -|- 
4 : : 9 in. : 9*009 from which dediid the rvdiiis of the nnificial globe, 
the remainder ’009 — i “early, is the civvatiou 0* 

the Andes on an 18 inch globe, which is lets than a grain of fand. 

f A fpheroid is a figure formed by a rcvulution of an ellipfis about 
its axis, and an ellipfis is a curvc^liiicd figure in geometry, funned by 
cutting a cone or cylinder obliquely ; but its nature will be more clearly 
comprehended, by the learner, fiom the following delcription. 

liCt T R (in Plate IV. figure V.) be the tranfverfe diameter, or Tanger 
axis of the elliplis, and CO the conjugate diameter, or. fliorter axis. 
VTih tbcdillance T D or DR in your compofles, and C as a centre, de- 
Icribe ilie arch Ff ; the points F,f, will be the two foci of the elJipfis. 
Taka a thread of tlie length of die tianverfe axis TR, and faften its 

ends 
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on pendulum clocks which being fitted to beat feconds io 
the latitudes of Paris and London, were found to move 
flower as they approached the equator, and at, or near, 
the equator they were obliged to be fliortened about i of 
an inch to agree with the times of the liars palGtig the me- 
ridian. This difference appearing to Huygens f and Sir 
Ifaac Newton, to be a much greater quantity than could» 
arife from the alteration by heat only, they feparately difeo- 
vered that the earth was flatted at the poles. — By the revolu- 
tion of the earth on its axis (admitting it to be a fpbere) the 
centrifugal force at the equator woiud be greater than tha 
centrifugal force in the latitude of London or Paris, be- 
caufe a larger circle is deferibed by the equator, in the fame 
time ; but as the centrifugal force, (or tendency which a 
body has to recede from the centre) increafes, the adion of 
gravity neceflarily diminilhes ; and where the adlion of gra-< 
vity is lefs, the vibrations of pendulums of equal lengths be- 
come flower ; hence, fuppoung the earth to be a fphere, 
we have two caufes why a pendulum fhould move flower at 
the equator than at London or Paris, the adlion of 
beat which dilates all metals, and the diminution of gravity. 
Bui thefc two caufes combined would not, according to Sir 
ll'aac Newton, produce fo great a difference as ^th of an 
inch in the length of a pendulum, he therefore fuppofed the 


ends with pins in F and f, then ftretch the thread Fif and it will reach 
tu 1 in the« curve* tlien by moving a pencil round with the thready and 
keeping it always A retched, it will trace out the elliplis TCRO.*-lf'this 
eilipfis be made to revolve on its longer axis TR, it will generate an 
iiUong fji/lei oidy or Caffuns figure of the earth ; bat if it be fuppofed to 
revolve on its ihortcr axis CO, it will form an tblaie fiber uidy ur Sir 
ll'aac Ne\\*ton*s figure of the earth. — 'i he orbits or paths of all the planets 
are elliples, and the fun is iituated in one of the foci of the eartli's oi bit, a.<: 
will be obferved farther oil — 'I he points F f, are called foci, or burning 
points; becaufe, if a ray of light imiing from the point F meet the 
curve in the point 1, it will be reflected ^ck into the focits f. For lines 
drawn from the two foci of an elliplis to any point in the curve, make 
e(^ual angles with a tangent to the curve at that point ; and b> the laws of 
optics the angle of incidence is equal to the angle of reflexion. Robcit- 
fun's Conic Sections, Book 111. Scholium to Prop. ix. 

* Philofophical Tranfadlions, NajSO. 

f A celebrated mathexnatictao bom at Uie Hague in HoIIrdcI, in 1629 . 

D 4 earth 
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earth to afFume the fame figure that a homogenous fluid 
isrould acquire by revolving on an axiii, viz. the figure of an 
«>blate fpheruld, and found that the<< diameter ofthe earth 
at the equator, is to its diameter from pf le to pole, as 230 
to 229 Notwithftanding the deductions of Sir Ifaac 
Newton, on the ftriClefl. mathematical principles, many of 
the philofophers in France, the principal of whom was 
Cailini, aflerted that the earth was an oblong splieroid. 
the polar diameter being the linger ; and as ihefc difFcreiit 
opinions were fuppofed to ri'tard the general progrri's of 
fciencciji France, the king refolved that the afl’air fliould 
be determined by adtual admeafurement at his own expence. 
Accordingly about the year i'»35, two companies of tlie 
mod able mathematicians of that nation were appointed : 
the one to incafnre the degre^' of a meridian as near to the 
equator as poiliblc, and the other company to perform a 
like operation as near the pole as could be conveniently 
attempted. The refults of thefe adinearurements cont ra- 
dioed tlie aflertions of Cailini, and of J. Bernoulli (a cele- 
brated mathematician of Baiil in Switzerland wlio warmly 
cfooufed his caufe) and confirmed the calculations of Sir 
liaac Newton.— Ill the year 1756, the Royal Academy of 
Sciences of Paris appointed t'ight ailronomers to meafure 
the length of a degree between I^iris and Amiens 5 the re- 
fult of tiicir admeafurement gave 57069 toifesfor the length 
of a degree. 


* Motte*s tranilation of Newton’s Princi}>i;t, Book III. P.ige 243, 
Casing llie t’nuatort al diameter of the earth 7964 Englilh miles, the polar 
diameter will he 7929. — For 230 1 229 ; : 7964 : 7929 miles tlie polar 
axis. Hence the [K>br a^is is ihorter than the equatorcal diameter by 
^5 miles, nnd the earth is higher at the equator than at the poles by z 7^ 
miles a difference imperceptible on the largeff globes that are made.— 
Suppofe a globe to be 18 inches in diameter at the eipuntor, then 230 ; 
229: : i8 : 1 7-}- rf the diameter ; the diflTcrence of the diameters is 
of an inch, half difference is of an inch, the ffatnefs ot' an 18 
inch globe at eadi pole, which is lefs than the 23d part of an inch, or 
not miieli thicket* than the paper and a quantity not to be dilcovered 
by the appearance ; and on imaller globes the difflrencc would be conlider* 
ably let's.’ Hence the learner lliould be informed, that tliough the earth 
be not ffrictly a globe, it cannot be repreierued hy any other figure which 
will give fo exact an idea of its ihape ; and a lecturer who informs his 
hearers, that it is in the ihape of a turnip or an orange gives a *vcryfalfe 
idee of its uuc figure. 

The 
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The Utility of finding the length of a degree in order to 
determine the magnitude and figure of the earth, may be 
rendered familiar to a learner thus ; fuppofe I find the 
latitude of London to be 51^-^ north, and travel due north 
till 1 find the latitude of a place to be north, I lhall 
then have travelled a degree, and the diltance between the 
two places, accurately meafured, will be the length of a 
degree : now if the earth be a corredt fpherc, the length 
of a degree on a meridian, or a great circle, will be equal 
all over tlic world, after proper allowances arc made for 
elevated ground, the length of a degree multiplied by 
360 will give the circumference of the earth, and hence 
its diameter, &c. will be eafily found : but if the earth be 
any other figure than that of a fphere, the length of a 
degree on the fame meridian will be different in different 
latitudes, and if the figure of the earth refemble an oblate 
fpheriod, the lengths of a d^ree will increafe as the lati- 
tndes increase. The Englim tranilation of Maupertiiis’ 
figure of the earth, concludes with thefe words : (fee pa^e. 

1 63 of the worl ) The degree of (he meridian *10 Inch cutx 

the polar circle being longer than a degree of the meridian in 
France, earth Ua fpheroid fatted towards the poles 
For, the longer a degree is, the greater mail be the circle 
of which it is a part ; and the greater the circle is, the lefs 
is its curvature. 

Tile firft perfon who meafured the length of a dewe 
with any appearance of accuracy was Mr. Richard Nor- 
wood j by meafuring the diftance between London aqid 
York he found the length of a degree to be 367196 EnglifR 
feet, or 69^ Englifh miles ; hence, fuppofing the earth to 
be a fphere, its drcumference will be 25020 miles, and its 
diameter 7964 * miles ; but if the length of a degree, at 

a medi- 

* 5280 feet nijke a mile, tliereibre 367x96 divided by 5:^80 gives 69}' 
miles nearly, which multiplied by 360 produces zjoio miles, the circum- 
ference of the earth, but the circumference of a circle is to its diameter 
as •2.% to 7, or more nearly as 355 to 113 ; hence, 355 : 113 : i 
25020 miles : 7964.. miles the diameter of the earth. Again 6 French 
feet make z soife, therefore 57069 toises arc equal to 34^4^4 French 
ftet , but 107 French feet are equal to 114 Engiilh feet, hence Z07 
F. f. : 1X4 £. f. : : 3424 F* f. : 364814 £ng!Uh feet, which dU 
vkkd by 5280 tb« feet iu a mile gives 69.09 miles the length of a 
p 5 degree 




58 OF THE DIURNAL AND ANNUAL Pari I. 

a medium, be 57069 toifes, tlic circumference of the 
earth will be 24873 Englilh miles, its diameter 7917 miles, 
and the length of a degree 69 1?- miles. 

Conclusion. Notwi^hilanding all the admeafurements 
that have hitherto been made, it has never been demon- 
ilrated, in a fatisfa^oty manner, that the earth is ftridUy 
a fpheroid ; indeed, rrom obfervalions made in different 
parts of the earth, it appears that its figure is by no means 
that of V regular fpheroid, nor that of any other known re- 
gular mathematiesd figure, and the only certain conclufion 
that can be drawn from the works of the fevcral gentJemen 
empWed to meafure the earth, is that //jf earth is /omethhg 
more fiat at the poles than at the equator^ — The coiirfe of ^a 
fhip, confidering the earth a fpheroid, is fo near to what 
it would be on a fpherc, that the mariner may fafely truft 
to the rules oi*globuJnr failing even though his courfc 
and diftance were much more certain than it is poflible for 
them to be. For which, and fimilar reafons, mathemati- 
cians content themfelvcs with confidering the earth as a 
fphere in all practical fciences, and l>ence the artificial 
globes are made perfe^lly fpherical, as the bell reprefenta- 
tion of the figure of the earth. 


Chapter IV- 

Of the f Diurnal and Annual Motion of the Earths 

T he motion of the earth was denied in the early ages 
of the world, yet as foon as aftroiiomical knowledge 
began to be more attended to, its motion received the 

affent 


^•pree bjr the French admearuremem. Or, 342414 mukipUed by 360 
produces 123269040 French feet the circumference of the earth, and 
167 : 21^ : t 123269040 : 131333369 Englilh feet, equal to 24873.74 
miles the circumference of the earth, and 355 : 113 ; : 24873*74 : 7917 
miles the dbmeter of the earth. 

^ Robertfon's Navigation, Book V|H. Art. 143. 
f Mr. Adam Walker in his Familiar Ptiilofophy (fee the ledure on 
%kif‘ momeinum of light), Eippofes the eanh and planets to be tmiied on 
thfir aies by the impulfe of light I He fays, ** that in all the portions in 

« which 
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Chap. IV. 


J9 


alTent of the learned, and of fach as dated to think difTerent* ‘ 
ly from the multitude, or were not apprehenfive of ecclefiaiU. 
cal cenfui-e. — The aftronomers of the lail and prefent age 
have produced fuch a variety of ilrong and forcible argu- 
ments in favour of the motion' of the earth as muft effec- 
tually gain the affeut of eveij impartial enquirer. — Amwig. , 
the many rcafons for the motion of the earth, it will be fur- 
iicient to point out the following. 


I . Of the Diurnal Motion of the Earth* 

The earth is a globe of 7964 miles in diameter (as has 
been fhewn in Chap. III.) and by revolving on its axis 
every 24 * hours from weft to call, it caules an apparent 
diurnal motion of all the heavenly bodies from eaft to weft. 
—We need only look at the fun, or ftars„to be convinced 
that either the e'irth, whi \ is no more than a point f when 
compared with the heavens, revolves on its axis in a certain 
time, or elfe tlie fun, Ihirs, See, revolve round the earth in 
nearly the fame time. Let us fuppofe for inftance that 
the fun revolves round the earth in 24 hours, and that the 
earth has no diurnal motion. — Now, it is a known princir 
pic in the laws of motion, that if any body revolve round 
another as its centre, it is neceflary that the central body 
be always in the plane in which the revolving body moves, 
whatever curve it deferibes J ; therefore if the fun move 
round the earth in a day, its diurnal path itiiift always de- 
fetibe a circle which will divide the earth into two ei^al 

** which the earth ftaiida to the (un, during ita annua! revolution round 
** him, It will be found that more rayt fall 011 one fide of its axle and 
“ centre, than on the other.** — With .nil due refpedt to Mr. Walker’s 
known abilities, I confefsl do not fee the truth of this alTertion ; if it be 
allowed, (as Mr.Walker has admitted in his 9th lecture on optics, page 403,) 
that the rays of light fall parallel upon the eanh from the fur, will not 
■ thtin rays uc the time of ch^quinoxea, ftrike the earth in a dire^ion per* 

C ndicular to tlie axis ? At this feafun, then tlie impulfe of bght would 
ve no eife^l whatever to turn the earth on its axis. 

* I'hnt is, the time from the run*& being on the meridian of iny place, 
to the time of its returning to the lame meridian the next day ; but the 
•slrth forms a complete revolution on its axis in %$ hours 36 mtmitM 4 fie* 
cond% fee definition 6x, pge 14. 

f Dt. KeiU, Left. 26. t Emeribn^ Aftaanomy, po^e ii. 

p$ . hemi£- 
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hemifpheres. But this never happens except on two days 
of the year, viz at the time of the cejuinoxes, when the 
fun riles exactly in the eaft, and fets cxaclly in the wdl ; 
for in our fiimmcr the fun rifes to the noilli of the eait and 
fets to the north of the well, and in the winter it rifes to 
the fouth of the eall and fets to the foiitli of the well, and 
therefore its diurnal path divides tlic globe into two unequal 
parts ; confequently the fun does not move round the earth- 
To render tliis more intelligible to a young ttudent, let a 
pin, of fotne inches in length, be hxed perpendicular upon 
an horizontal plane, and obferve the lliadow tluit the top of 
it deferibes on any day of the year ; this fludow will always 
be a curve, except at the time of the equinoxes, hence the 
earth is never in the fun’s apparent diurnal orbit but then : 
for if the lop of the pin kept all the time in the plane of 
the fun’s apparent diurnal orbit, the diadow deferibed 
would be a llraight line*, becaufe it would tail in the in- 
tcrfcdlion of two planes f ; therefore the fun has no diurnal 
motion round ilie earthy confcqueutly the earth has a diurnal 
motion on its axis. 

It is no argument againll the earth’s diurnal motion that 
we do not feel it ; a perfon in the cabin of a fliip, on fmootU 
water, cannot perceive tlie Ihip’s motion when it turns 
gently and uiiiformly round J ; neither does the motion of 
tl>e earth caufe bodies to fall from its furface ; for all bodies 
of mutter they are conipoled, arc drawn to the 

earth by the power of its central attraction § ; which, lay- 
ing hold of them according to their denlities, or quantities 
of mauerj without regard to their magnitudes, conliitutes 
what we call weight. 

The phenomena of the apparent diunial motion of the 
fun may be explained by the motion of the earth ; thus, let 
IFGH (plate 1. fig. V, ) reprefent tlie earth, S the fun, 
and the circle DSBC the apparent concavity of the heavens* 


• £mertbii*8 Dialling, Prop. IT. p. 9th. 

f It is demonftruted in Euclid, Prop. HE. Book XI., that t\v«v 
ph'.tes interred each other, their common tc£tion is a ftraight line. ' 

I Fcrgiiibn’s^flronom]^ ^rt. Z19. 

S Newton's Principia, Book llK Prop, vii 

Let 
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Let the earth’ revolve on its axis from I towards G (vizr# 
from well to eaft). Suppofe a fpcrfator to be at I, the fun, 
which is at an iimnenie diftance and enlightens half tlie 
globe at once, will appear to be rifing, As the earth 
moves round, the fpe<ftator is carried towards F, and tho 
fun feems to increafe in height, when he has arrived at F,. 
the fun is at the higheft. As the earth continues to tuni 
round, tlie fpeftator is carried from F towards G, and the 
altitude the fun keeps continually diminifhing ; when ho 
has arrived at G the fun is fetting. During the time the 
fpeClator has been carried from 1 to G, the fun has appeared 
to move the contrary way. Hence it is evident, that wliils 
the fpedlator is carried through the illuminated half of the 
earth, it is daydight ; at the middle point F, it is noon ; 
alfo while he is carried through the dark bcmifphere, it is 
niglit ; and at H it is midnight. Thus tlie vieiffitude of 
day and night evidently appears by the rotation of the earth 
about its axis : what has been faid of the furt is equally 
applicable to the moon, or any ftar placed at S‘; therefore 
all the celeftial bodies feem to rife and ftt by turns, ac- 
cording to their various iitualions. Tlie fpeefator at I, F, 
G, H, will always have his feet towards the centre of the 
earth, and the fley above his head, whatever pofition the 
earth may have; agreeably to ll^c laws of gravitation or 
attradion. Thus an inhabitant at a will be the moft power- 
fully attra£lcd towards his antijwdcs bccclufe there is the 
greateii mafs of earth under his feet in that direction ; &r 
the fame re^fun i will be the moft attracted towards to- 
wards /I, and ti towards w, dec. hence it appears that every 
body on tl'.e furfacc of the earth is attracted towards its 
centre, or rather towards the antipodes of that body, for the 
whole earth is the attrading mafs, and not fome unknown 
fubftance placed in the centre of the earth. There is no fuch 
thing as an upper and under fide of the earth, fuppofc a to 
be an inhabitant of Nafikin in China, h will be an inhabitant 
of South America near Buenos Ayres, each having the earth 
under his feet and the iky above his head ; alfo if n be an iu- 
alitUe eaft ofQufto in SouthAmcnca, on the equator^ 
m will be an inhabitant upon the equator in the iiland of Su- 

matia^ 
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Diatra, and in the courfe of 1 2 hours, n will have the very 
fame portion as w, by the revolution of the earth. 

2. Of the annual Motion of the Earth, 

The diurnal revolution of the earth on its axis being 
proved, tlic annual motion round the fun will be readily ad- 
mitted ; for, either the earth moves round the fun in a year, 
or elfe the fun moves round the earth : now, by the laws of 
centripetal forx*e, if two bodies revolve- about each other, 
they revolve round their common centre of gravity * ; and 
it is evident that if the two bodies be of equal magnitude 
and denfity, the centre of gravity will be equi-dillant from 
each body ; but, if they be of difitrent magnitudes, the 
centre of gravity will be neared to the larger body ; if the 
earth, tliereforc,** remain in the fame fit cat ion while the fun 
revolves round it, its magnitude muft be vaftly greater than 
that of the fun ; for it is contrary to the laws of nature for a 
heavy body tp revolve ixuind a light one as Its centre of nu). 
tion : but, from obfervations on the dirnenfons f and dif- 
tanccs of the fun and planets, it appears that the fun fo 
greatly exceeds, not only the earth, but the planets, in mag- 
xutude, that the common centre of gravity of the whole is 
almoft conilautly within the body of the fun, fo that the 
fun’s motion round the common centre of gravity of the 
earth and the planets is not pcrctptiblc by ordinary obferv- 
ers. Not only the earth, tlierefore, but the planets, move 
round the fun. 

The earth is computed to be 95 millions of miles from 


• Th« centre of grfivity of two bodies is a point, on which, if they 
were both fupported by a line joining iheir centres, they would relt in equi- 
librium. 

f I'he apparent dbi meters of the planets are found by a micrometer^ 
placed in the focus of a telefcope ; or, the appenrent diameter, of the fun 
may bemeafured by means of the proje^ioii of his image into a dark room, 
through a ciictilar aperture. From theie apparent diameters, and the 
rcfpcaive diAances from the earth, the real diameters of tlie iua pla- 
nets may be determined. 
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the fun *9 and performs its revolution round him, deferih' 
iii^ an elliptical orbit or path f , in 365 days 5 hours 4B 
inniutcs and 48 feconds, from any equinox or foldico to the 
fame again ; it travels at the rate of upwards ofr68,ooo miles 
per hour J . Bcfides this motion which is common to every 
inliabitaiit on the CcUth, the inhabitants at tiie equator arc 


* Thnt prirt of the heavens in which the fun or a planet would appear 
if viewed fiom the furface of the earth, is called its apparent place ; and 
the point in wliich it would be feen al the fame inllant from the centre of 
the earth, is called its true place. 'Flie diflference between the true and 
apparent pi tcc iji called the parallax. In phite IV. fig. vi. let O he the 
fcntre of tlie f artli, P the pbtc of an oUferver on its furface, and S the 
fun or a planet in the heavens ; now, to an obferver at O, the fun would 
appear at and to an ohlerver at P it would appear at h ; the arch a 
or the angle a S /», which is equal to the angle PSO, is called tltc hori- 
zontal pur.tllix. Mr. .Siiort in voL 52, pait ii, *of the Philofophical 
Tranfadtions, has determiiicd the horizontal parallax of the fun to be 8''65, 
ac its mean diOanie from the e.:ith. Hence, by trigononjetiy, 

As logniithiviiciil fine of 8" 65, or angle PbO, yCzi^X^O 

Is to lemi-Oiameicr of the earth PO, 0'OOcx>ooo 

So is radius, fine of 90 degrees, or fine of OP.i. lo'ooooooo 


To 23882-84 fcnil-diameters, 4*3780860 

Now, if we take the diameter of the cr.rth 7970 miles, as Mr. Short 
has done, the femi-diametcr 3985 multiplied by 23882*84 gives 951731x7 
miles, the dillance of the e.irth from the fun : if the diameter of the earth 
be taken an 7964 miles, the diilance tvill be 95101468 miles ; if it be 
taken 7917 miles .fee the chapter of the Figure of the Earth) the diilance 
will 8094540222 miles. In a c.:re of fuch uncertainty, where a veryTm.*!!! 
error in the parallax will prcxiuce an aflonilhing difference in the conelu- 
lioti of the proceu, and where an error in the diameter of the earth will 
alfo affed the operation, we may relt content witli effimating the ditUnce 
of the earth from (lie fun at 95 millions of miles. 

f 'ilie idea that the eaich moved in an elliptical orbit waifirffcon** 
ceived by Kepler, an eminent German allronomcr, and demonftrated by 
Sir Ifaac Newton. See the Principia, Book III. Prop. xiii. 

^ I'he earth’s dillancc from the fun is 95 tnillions of miles, the mean 
diameter of its orbit is therefore 190 millions of miles ; and the circum- 
ference of a circle is three times the diameter and oilc-lcventh more ; or 
the circumference is to the diameter as 355 to 1 13 more nearly 1 hence, 
113 *• 355 •' • i90,ooo/X)0 : 596902654 the circumference of the orbit ; 
but this circumference is deferihed in 365 days 5 hours 48 minutes 48 ft- 
condsi or 365 days 6 hours nearly, or 87(16 hours; hence 8766- h. ; 
596902654 m. ; 1 F h/ 68092 mUes/cr hour the inhabiunts of the earth 
are carried by its annual revolution. 

carried 
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carried 1042 * miles every hourb-; the diurnal revolution of 
the earth on its axis, while thofe 1“ tl^ve parallel of London 
are carried only about 644 imK* ‘ hour. Tlic axis of the 
earth makes an an<fleof 23® 2N' w:i ' - a perpendicular to the 
plane of its orbit, and keeps always the fame oblique direc- 
tion througlioiit ils annual courfe f ; hence it follows that,, 
during one part of its courfe, the north pole is turned to- 
wards the fun, and, during another part of its courfe, the 
fouth p(dc is turned Ujwards it in the fame proportion ; 
which is the caufe of the different feafons, as fpring, fiun- 
mcr, auLiunn, and winter. The orbit of the earth beinj' 
elliptical, the earth mull: at fome times approach nearer to 
the fun than at others, and will of courfe take more time in 
moving ilirough one part of its path than through another. 
Allrotiorncrs have obfened that the earth is more rapid in 
the winter half of its orbit than in the fummer by about 
fevtMi days (yiv- note to the 6 th GeographicalThcorem^p 4^)5 
but although in the winter we are nearer to the fun than in 
the fummer, yet in that fcafon it feems fartheft from us, 
and the weatlicr is more cold and inclement : the limple ac-» 
eount of which phenomenon is, that the fun's rays falling" 
more perpendicularly on us in fummer, augment the heat 
of the weather ; fo, being traiifnutted more obliquely oii 
our parallel of latitude during the winter, the cold is in- 
created and rendered moro iiitenfe. The heat in the torrid 
xonc does not arife from thofe parts of the earth being near* 
er to the fun, but from the rays of the fun falling diredlly 
perpendicular upon, and darting immediately through the 
atmofphere. It might likewife be expedied that, as we are . 
lefs dill ant from the fun in the winter than in the fummer, 
itVoiild appear larger j but the difference of iltuation is fo 


. • Thcfi: ilidunces are found by multiplying the number of miles con- 
tained in a degree in any pirallcl of latitude by 15 ; thus, the cireumfo 
rence o^e e.irth at the equator is in 69fm., and in the latitude 

of Lon^ it is equal to 360^ X 42*6y, and 24 L ; 360** x 69^ : : X h. 

or I : 15 X ; I : 10424 m. 

I This is not ftri^lly true, though the variation, called^the nutation of 
tbo earth's axis, is fcarcely perce^able in two or three years. 
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fmall as to make no fenfible alteration in the fun’s apparent 
niapjiiitnde. 

The fun is not fuppofed to be fixed in the centre of the 
eartli’s elliptical orbit, but in one of the foci. Let S re- 
prefent the fun (Plate IT, 3.^ and AGFBDE the el- 
liptical orbit of the eartlu Then A is called the Perihelion, 
or lower apfis, being the earth’s nenrcfl diftance from the 
fun ; B is called the Aphelion, or higher apfis, being the* 
greateft diftaiicc of the earth from the fun, and SC the dif- 
tance between the fun Tin the focus) and the centre, it 
called the eccentricity of the earth’s orbit. If from the 
centre C, there be ercdled upon the axis AB the perpendi- 
cular CE meeting the orbit in E, and the line SE be drawn, 
it will reprefent the mean diftance of the earth from the fun, 
being equal to half the axis AB confeqticnlly SE is 95 
millions of miles. 

Though the motion of the earth in its orbit be not uni- 
form, yet it is regulated by a certain immutable law, from 
which it never deviates ; which is that a line drawn 
from the centre of the fun to the centi*e of the caith, 
being carried about with an angular motion, deferibes an 
elliptical area proportional to the time in which that area ii 
deferibed f , ‘u/'s, if the times in which the earth moves from 
A to E, from E to D, and from D to B, be equal, then 
the areas, or fpuces, ASE, ESD, and DSB, will all be 
equal. The motion of the earth is fometimes quicker and 
foinetimes flower in moving through eqtial parts of its orbiv; 
for, when the earth is ait A (in the winter) the fun attraSs 
it more llrongly, and therefore the motion is quicker than 
any where elic ; likewife, when it is at B (in thefummer) it 
is leaft affefted by the fun’s attraction, and confequenlly the 
motion there is flower than »n any other part of its orbit, 
for the power of gravity decreafes as the fquare of the 
diftance iucrcafes :|: ; befides it is obvious, from the con- 

• It is demonftrared by all writers on conie feCtions, rh.n a fSedrawtl 
from oiie end of the conjugate axis of an ellipHs to the focus, is equal to 
half the tranverf? axis, vis. — CB cr CA. 

f Hus law was difeovered by Kefder, and demondrated by Six Ifiuic 
Newton.’ Sec the Principia, Bonk IK, Prop. liii. 

I Neitlon’s PriiiCtnia, Book IIL Prop. ii. 

ftniftioil 
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ilru6lion of the figure, that, if the fpacc ASE be defcribed 
in the farm? time with the fpace BSD, the arch AE will be 
greater tlian tin? arch BD. 

The phaenomciia of the different fcafoiis of the year 
will apjiear plainly from the following obfervations, Ect 
ABCD ( Plate Ilf. Fig, i.) reprefeiit the plane of the 
caith’6 annual orbit, having the fun in the focus F ; and let 
a If an imaginary line palling through tlie centre of the 
earth, be perpendicular to this plane ; and let the axis NS, 
of the earth, make an angle of 23® 28' with this perpendi- 
cular ; then if the earth move in the direftion A,B, C,D, 
in fuch a manner that NS may always remain paialkl to it- 
felf, and preferve the fame angle with a hf it will point out 
the feafons of the year ; for, fuppofe a line to be drawn 
from the centre^ of the fun to the centre of the earth, it is 
evident that the fun will be vertical to that part of the earth 
which is cut by this line. Now, when the earth ib in Eibra 
£if the fun w'ill appear to be in Aries Y*, the days and 
nights will be eqilal in both hcmifphercs, and the leafon a 
medium between fummer and wdiiter ; the line dividing the 
dark and light hemifphcrcs, palfes through the two poles 
N and S, and confequently divides all the parallels of lati- 
tude, as PR, into two equal parts : hence the inhabitants 
of the whole face of the earth have their days and nights 
equals viz. twelve hours each. While the earth moves 
from Libra ?£> to Capricorn vj , the north pole N will be- 
come more and more enlightened, and the fouth pole S will 
be gradually involved in darknefs, confequently the days in 
the northern hemifphcre will continue to increafe in length, 
and ill the fouthern hemifphere they will decreafe in the 
fame proportion, all the parallels of latitude being une- 
qually divided. When the earth has arrived at Capricoru 
y \ , the fun will appear to be in Cancer ^ , it will be fum- 
mer to the inhabitants of the northern hemifphere, and win- 
ter to^ofe in the fouthern ; the iniiabitaiits at the noith 
pole, %d within the ar^ic circle, will have conftant jiay, 
and tlmfe at the fouth pole, and within the antardfic circle, 
will have conftant night. While the earth moves from Ca- 
pricorn to Aries Y*, the fouth pole will become more 
and inoi’e enlightened ; confequently^ the days in tlie fouth- 
ern hemifphere will increafe in length, and in the northern 

hemjf- 
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hcmifphcre they will decrease. When the earth has ar- 
rived at Aries v , the fun will appear to be in Libra > 
and the days and nights will again be ctpial all over the fur- 
face of the earth. Again, as the earth moves from Aries 
<Y' towards Cancer , the light will gradually leave tin- 
north pole and proceed to the foiith ; when the earth has 
arrived at Cancer it will be fummer to the inhabitants 
in the fouthern hemifphere, and winter to thofo in the 
uorlheni : the inhabitants of the foutli pole (if any) will 
have continual day, thofc at the north pule conftant night. 
Laftly, while the eartli moves from Cancer to Capri- 
corn > , tlie fun will appear to move from Capricorn Vn to 
Cancer and the days in the northern hcMnifphere will be 
increafing, while thofe in the fouthern will be diminiftiing 
in length ; and wliilc the earth moves from Capricorn Vf' 
to Cancer the fun w'ill appear to move from Cancer 
to Capriconi itt , the days in the northern hemifphere will 
then DC dccrcafing, ana thofe in the fouthem hemifphere 
increafing. In aU fituations of the earth, the equator will 
be divided into two equal parts, confequently the days and 
nights at the equator are always equal. Thus the different 
fcafoiis are clearly accounted ror, by the inclination of the 
axis of the earth to the plane of ic;> orbit combined with 
the parallel motion of that axis. 

GThak- 


* In addition to thefe oblervations,. the author farther illuftratcs the 
fejions of tile year by an otrery ; and lumctiincs by a brafk wire luppoited 
on two Itinds of dirferent hewhts, corruipondent to the diameter of the 
uiie ciicle and the obliquity of die ecliptic ; as in Fergufon's Aftroriomy, 
chap. X. But, as this bit method does not fu clearly fliew the obliquity 
of the axis of the earth to the plane of its orbit : take a hoard of any con- 
venient dimeiili ms, fuppole two feet acrot^, on which deienbe a circle, 
or an clli|>ris differing little fiorn a circle, draw a diameter OF(J (Plate 
Ilf. fi^. I.) and parallel to this diameter let leveral lines ^ y^e drawn, 
then bore fcvcral holes perpendicularly down in the points e, r,&c. of the 
ciiciimferenje of tlie circle, take two pieces of wire crofling each other in 
an angle of jr, and n /*, of which a jr ;lic pcrpcudijiilar wire 

is the longer, and connedl them by a ffraight wire e f ; then placing a fmall 
pjobe on the point n, and alight in the centre of the oirc e, of the fame 
height as the centre of the little globe; let tl'<e pointy in the longer wim 

be 
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Chapter V. 

Of the Oriftn of Springs and Rivers f and of the Saltnefs of 
the Sea* 

V ARIOUS opinioriR Imvc been held by ancient, as well 
as moileut piSilolbj^jhcrs, rcfpcfliiig the origin of 
fpving'i and rivi-rs ; hut the true caufe is now pretty well 
alcei'Uiiiied. it is well known that the heat of the luii 
drJiv/s \ail (ji’.autities of vapour from the fea, which being 
carrii d by the wind to all parts of the globe, and being 
converted by the cold into rain and dew, it falls down upon 
the earth ; part of it runs down into the lower places, form- 
Jiig livulets, part ferves for the purpofes of vegetation, and 
the reR defceiids into hollow caverns within the earth, 
which bi-eaking out by the fides of the hills forms little 
fprings; many ofthofe fprings running into the valleys in- 
creafe the brooks or rivulets, and fcveral of tiicfe meeting 
togeth(!r make a river* 

iJr. Halley * fays, the vapours that are raiR d copioiifly 
fronj the fea, and carried by the winds to the ridges of 
mountains, are convoyed to their tops by the cm rent of air; 
where tl’.j water being prefently precipitated, enters the 
crannies of the mountains, down whicli it glides into tlie 
caveri?s, till it meets with a llratum of earth or Hone, of a 
naliin* fiifficicntly folid to fullain ft. When this refervoi? 
is liiiv'd, the fup,Tfliious vvnler, ft llowing Uic direftion of 
the flvatum, runs over at the loweR place, and in its pafliigc 
meets perhaps with otlior little Rreams, which ha^e a limihir 
origin ; thek? gradually dcfceiid till they meet with an aper- 


be iived fucceflively in thr holes r, See, in the circumference of the cir- 
cle, fo thrit ilic bolt’ e f of the v-vire, may rclt on the lines cf m the plane 
of the Cloth's orbit, the fenlbns . f the year will be agreeably and accu- 
rately illir^vrated. If :be bttle glob’ be placed upon the point a, iiiltead 
of the po» it w, and tlu fame method be oblVrved iu moving the wires 
round the iibit, there will bo no diveriiiy oi* fealbm. 'Ihc diurnal revo- 
lution of me eartli may Ihewnby moving the globe round the wire n 
as an a-^iswith tiicHii>^ei> 

* l^hUolbpiiical ’i'ranlaclions, No. 19Z. 
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ture at the fide, or foot, of the mountain, through which 
they efcape aiid form a fpring, or the fource of a brook or 
rivulet. Several brooks or rivulets, uniting their llivams 
form fmall rivers, and thefc again being joii»ed by other 
fmall rivcis, and united in one common clianuel, form fucli 
ib.cains as the Rhine, Rhone, Danube, &c. 

Several fprings yield always the fame cpiantity of water, 
equally when the leall rain or vapour is afforded, as when 
rain falls in the greateft quantities ; and as the fall of rain, 
fnow, &c. ib inconllant or variable, we have here a con- 
ftaiu cfFt( 5 l produced from an incouftant caufe, which is an 
unphilofophical concliiiion. Some natiiraliils, therefore, have 
rccourJe to the feu, and derive the origin of fcveral fprings 
immediately fiorn thence, by fuppqfing a fubterraneous 
circulation of percolated waters from the •fountains of the 
deep. 

I'hat the fun cxiiales as much vapour as is fiifficient for 
rain is paft difjiute, having been fcveral times proved hj 
actual experiments. Dr. Halley * determined by expen- 
mciit and calculation f, that in a furnmei’s day, tlierc may 
be railed in vapours from the Meditorrain aii 5280 millioiis 
of tui;s of water, and yet the Mediterraneun does nut re- 
ceive from all its rivers above 1827 millions of tuns in a day, 
wliieh is little more than a third part of what is txhaulbcd 
by \apour8t ; ami from the river Thames, twciuy millions 
three hundred tiioufand tuns may be raifed in oiic day in a 
fjiriilar manner. — In the Old Continent there arc about 450 
ri\.?rs whici) fall directly into the ocean, or into the Medi- 
terranean and Black Seas, and in tlie New Continent, 
fcarcely 180 rivers are known, which fall directly into the 
fca : biU in this number, only the greater rivers are com- 
prehended^. All thefc rivers carry to the fca a great 


♦ Dr. Halley w.is an eminent mnihewatician, aftronomer, and phiiofo- 
pher. born in London in tha year i656> 
f Philofiiphical 'FranMion':, No. ill. 

I As evaporation cannot tarry off fixed fwlts, it would .’fppesr that if 
tiv*. above calculaiioiY be acair.ite, the Mtdilerrantan would be more fall 
rJwn ihc Ocean, but it muft be itmembered rh.ii a current lets coiUtaiitly 
caito^lh'j All.tmi(. Ocean iiito the Alcdiierraucati. 

§ Buffings Nrttural Hillory. 
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miantity of mineral and faline pailicles^ which they wafli 
from the different through which they pafs, and tlic 
particles of fait, which are cafily difTolvcd, are conveyed to 
the fea by the water. Dr. Halley imagines that the faltnefs 
of the fea proceeds from the falts of the earth only, which 
rivers convey thither, and that it was originally frefh. So 
that its faltnefs will coiitiuiie to increafe : for, the vapours 
which are cxaled from the feas arc entirely frefli, or devoid 
of faline paiticlcs. Others imagine that there is a great 
number of rocks of fait at the bottom of the fea and from 
thefe rocks it acquires its faltnefs. Some writers a^ain, 
have imagined that the fea was created fait that it might 
not corrupt ; but it may well be fuppofed that the fea is 
preferved from corruption by the agitations of the wind, 
iind from the fliiA and reflux of the tide, as much as by the 
fait it contains ; for when fea water is kept in a barrel it 
corrupts in a few days. The Honorable Mr. Boyle * rei- 
lates that a mariner becalmed for thirteen days, found at 
tlie end of that time the fea fo infe^led, that if the calm 
had continued the greateft part of his people on board 
would have periflicd. — The fea is nearly^equally fait through- 
out, under the cquinodial line and at the Cape ,of Good 
I^ope, tliough there are fome places on the Mozambique 
coau where it is falter than clfewhere. It is alfo aflerted 
that it is not quite fo fait under the ardlic circle as in fome 
other latitudes f, this probably may proceed from the great 
quantity of fnow, and the great rivers which fall into thofe 
ttias ; to which we may add, that the fun docs not draw Inch 
quantities of frefli water, or vapours, from thtvfe feas as in 
Ikot countries. 

It is worthy of remark that all lakes from which rivers 
derive their origin, or which fall into the courfe of rivers, are 
not faline J ; and alinoll ail thofe, on the conti-ary, which 

* A younger fon of the E;iil of Cork, and one of the moft celebrated 
phUofophers in Europe, born at 1 ..it more in tbc County of Waterford, 
1626-7. Sec his tieatiie on the raltnefs of thefeii, publilhed in 1674. 

t In a treatifeon Chemlftry, pobllihed by Dr/riiompfon of Edinlmrgh, 
it if llatcd that ilie or.viu containi moft fait between 10*^ and 
ac^ loiith l.'.citude, and that the pioportion of iali is the leafl in l^itude 
57® north. 

J Buftbu’s Natural Hiftory, Cl'^ap. 11 . 
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Fccoive rivers, without other rivers ilTuing from them are 
f:iliuc: this fecriis to favour Dr. Halley's opinion refpe^t- 
intr the faltnefs of the fea, for evaporation cannot carry off 
Axed falls, and ronfeqiicntly thofe lalts whicJ. rivers carry 
into tlie fea remain there. It is afferted ♦ to be the pecu- 
liar property of fca-water, that when it is abfolutely fait it 
nevtM' freezes ; and thfit the iflands or rocks of ice which 
Aoat in the fea .near the poles, are ori^nally fi-ozen in the 
rivers, and carried thence to the fea by the tide; where 
they continue to accumulate by the great quan^-licsof fnow 
and fleet which fall in thofe feas. According to this opinion, 
great quantities of ice can be produced only from great 
quantities of frefli water, or from large rivers, and as large 
rivers can only flow from large trafts of land, it would ap- 
pear that there mull be immenfe tra^s ot land near the 
foiith pole, for the AntarAic Ocean abounds witli fields or 
inon 11 tains of ice, as well as the Ar6lic Ocean ; but our 
'circumnavigators have traverfed the fouthern Ocean to 
upwards of fevcniy degrees fouth latitude, without difeo- 
veriiig any land. With refpedl to the freezing of fait water, 
we have feveral inllances of the Baltic f , and other feas 
being frozen over, when the ice on the fiirface could never 
proceed from rivers. It is true that the failors frequently 
take large pieces of the rocks of ice, and thaw them for the 
ufe of the Ihip’s company, and always find the water frelh ; 
but it does not follow from this that the ice is fonned jn 
the rivers. As frelh water only is extra6led from fea water 
by the heat of the fun, and carried into the atmofphere t 
may not the frelh, without tl»e faline, panicles of fea water 
be converted into ice by extreme cold ? — 


• Emfrfon'j Geography, page 64. 

\ 1 'he Baltic Sea b not fo fait as the Ocean, and the proportion of fait 
increafed l>y a weft wind, and ftill more hy a north-weft wind : a proof 
that not only the faltnefs of the Baltic is derived from the ocean, hut that 
tionns have a much greeter cfFccl upon the waters of the -ocean than hat 
been Ibppofed.— Dr. 'rhomfon’s Chemiftry page ;i75.— I’he Baltic Sea 
has little or no tides, and a current runs coiiftantly through the Sound into 
rile Cjttegatc fed. ^ 
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Chapter VI. 

Of the Flux and R^ux of the Tides* 

A TIDE IB that motion of the water in the feas and ri- 
vers, by which they are found to rife and fall in a re- 
gular fucceilion ; and this flowing and ebbing is caufed by 
the attraftion of the fun and ir.oon. * 

Suppofe the earth to be entirely covered by a fluid as A| 
B, Z, C, D, Q, N. (Plate 111. Figure 2.) and the aftion 
of the fun and moon to have no upon it, then it is 

evident that all the particles, being equally attracted to- 
wards the centre O of the earth, would form an exaft fphe- 
rical furnace ; ('‘/.cept, that by the revolution of the earth 
on its axis N' S', the attradlion from B towards O, and 
from Q towards O would be a little diminifhed by the cen- 
trifugal force. Let the mtxni at M now exert her influ- 
ence upon the water ; then bccaufe the power of attraftion 
diminilhes as the fquarc of the diftanct increafes, thofc 
parts wdll be the moll .attrafted which are the nearcll to 
the moon, and their teiidcMicy towards O wdllbe diininiflied ; 
the waters at Z, B, and C, will therefore rife, and at Z, 
which is iiearefl to the moon, they will be tlie liigliell ; but 
when the waters in the zenith Z are elevated, thofc in the 
nadir N aix? likewife elevated in a fimilar manner ; this is 
known from experienee, for we liave high water when the 
moon is in our nadir, as well as wdien Inc is in our zenith ; 
ive therefore conclude that, when the moon is in our zenith, 
our antipodes have high weter ; the truth of this, as well 
as cveiy other phaenoroeiia rcfpcfting the tides, will be dif- 
cufled in the following theorems. 


* This was known to die ancients, FTiny exprefdy Hiys that the caufe 
of the cH) and fiow is in the iiin, which attracts tl»e vvatcis of the ocean, 
and that they alfo rile in proixirtioit tu die I'loxlmity of the moon to the 
•arrk. Huttons Math. JDiiit., woid Tides. 

. Thro- 




Shap. VI. tLVX ANB MFLVX OT THE TIDE. 

Theorem I.* Tie parts 0 / tie earti dire9ly under tis \ 
moony or where the moon is in tie Zenith as at Z { Plate * 
III* Figure 3 . ) / and tiofe places which are diameirieaUj , 
opp^te to the farmery or under the Nadir as at N, will have 
high wafer at the fame time* 

Becaiife the power of gravity decreafes as the fquare of 
the diflance increafes ; the waters at Ay Z» Cy Dy on 
the fide of the earth next the moon M, will be more at- , 
tra 6 led by the moon than the central parts X) of the earth*, 
and the central parts will be more attradled than the fur- 
face N on the oppofite fide of the earth ; therefore, the 
diftance between the centre of the earth and the furface of 
the water, under the zenith and nadir, will be iricreafed* * 
For, let three bodies Z, O, and N, be. equally attradled by 
M ; then it is evident they- will all move equally fad towards 
M, and their mutual didances from each other will continue ^ 
the fame ; but if the bodies be unequally attradted by M, 
that body which is the mod attraftea will move the faded* 
and its didance from the other bodies will be increafed* , 
Now, by the law of gravitation, M will attract Z more 
drongly than it does O, by which the didance between 2 
and 0 will be increafed. In like manner O being more, 
dtongly attradted than N, the didance between O and . 
win be increafed ; fuppofe now a number of bodies A,B,Z* , 
C, D, F, N, E, pkced round O, to be attraAed by 
the parts Z and N will have their ^Wlances from 0 increa^ 
ed ; while the parts A and D, being nearly at the famO 


, * A theory is a propofitioirivhich adn||^s%‘ proof, or domonftration, 
ftom definitions clearly undcrltood, and froii the known properties 

of the fuljett under confideration. 

-f This appms very plain, but Mr. Adam Walker, a gentleman well 
known as an ingenious le^urer on pbikdbnby, fays, ** I'bat the moon's 
« influence fhouid be le(s at N than Z there can be little doubt ; hut ftUl 
tlie plape N cends to the earth’s centre O, as much as any other p^rt oC 
« the glcoe, and U increafed than dhninifhed by the power at 

* How, therefore, the tide at V ihould rife for want of attradtiohy^gfir 

* from being left 'behind, at that place 1 tenoot coBCSiire^ though d is 
** agresdble to the llgwtoiiiaa hypothefii.** 

« diftayee 
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«^iftance. from M as O is, wiU not recede from each other^ 
but witt sBtl^r approach nearer to O by the oblique attrac- 
Hence if the isdiole earth were compofed of 
bpidlies fimilar to A» B, Z, C, D, F, N, £» and to be limi- 
4a*4y attracted by M, the fedtion of the earth, formed by a 
plane puffing through the moon and theearth^s centre. wouId> 
.Jbe a ngure refeunbhqgan ^ipfisj having its lon^r axisZN^ 
direded towaids the moon ; and its fhorter axis AD in the 
.horizon. The figure of the earth therefore would be an 
■ 4 obtoqg fplieroid having its longer axis directed to the moon, . 
./Confequently it will be high water in the zenith and nadir, 
.at ^'e «fame timej and as the eartli turns round its axis 
from the moon to the moon again in about 24 hours and 48 
niimijbea, there will be two tides of flood and two of ebb in 
.;.that time, agre^bly to experience. 

.According to J;he foregoing explanation of the ebbing 
>IRU} flowing of the fea, eirery part of the earth is gravitat- 
towards' the moOn ; but as the earth revolves round the 
•inn, every part of it gravitates towards the fun likewife ; it 
^may bc.^cd how is this poflible at the time of full moon, 
.when^lhe moon is at m and the fun at S \ has the earth, a 
tendency to fall contrary ways at the fame time ? This is a 
.ve^ queftion, ont it muft be cbnlidercd that it is 

centre of the earth that deferibes the annual orbit 
v.rb,iiiid the fun, but the common centre of gravity of the 
.eMh and moon together ; and that whilft the. earth is mov« 
ing round the fun, it alfo deferibes a circle round that 
xentre.of gravity, about uddcliit revolves as nia^ times as 
d;hemoon revolves round, tlie earth in a year** The earth 
is,, therefore conftantly falling towards the moon, from a 
to the circle which it deferibes round the common 
jxmitip of gravity of the'e^rthand moon. Let M reprefent 
tfl^jBiDbn t ^late III. Figure 4 . ), TW a part of the moon^s 
.and as the earth is fiippofed to contain about forty 
tisMiliiei^iiantity of matter which is contained in the moon, 
dhecoiB^oh c^^ bf'mvit^ from the centse of the, earth 
vdube confiderably lefs thaa theearth’s 


* Fsi;guibn*i Aihoriomy, Ardcle 29 ^ 


disuheter. 
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diameter let common centre of grmty be i!ejMefent<^ 
ed by C. Then whilft the moon goes round her oihit* the 
centre of the earth delcribet the circle doe round to 
which circle 0 n is a tangent : therefore when the moo» 
has gone from M to a little pad Wr the earth has imoved 
from 0 toe; and in that time has faiUen toward^ the mooer 
from the tangent at a to e. This figure is drawn for the 
new moon, but the earth will tend towards the moon in then 
fame manner during its whole revolution round C« 

Theorem II. Tbo/e parte of the earti nvbere the mon 
pears in the hori^on^ or go degrees di/lant from the ZentA ^ 
and Nadir, as at A and D \Platt ///• Ftgisn 34 ) 
have ebb, or low water ^ 

For, as the waters under the aienith and nadir tUe at the 
fame time, the waters in their neighbourhood will prefi to«^ 


a The coitimoxi centre of arnvhy of two bodiet u fouiia thui,iM thofiihs 
of the weights, or quantities of matter in the two bodies it to their 
tanee Cram each other, fo is tfie weight of the lefs body tp the difi » K# Uf 
the greater fram the centre of gravity. Now if the quilntity ot matter iittha . 
niooa be reprelentpd by r« that in the earth by 40, and the ddUaceuf 
the earth from the moon be eibmtted at 24Q|OOo miles, then 4o-f a r 
140,000: t 1 : 58^^^ roUee,tbe ififtance of the centre ofthe earth from 
common centre of gravity. Mr. Fergufon in a note makes the dHOmcs 
6000 miles, but his cdculatioB is wrong, for he has fiiriot To add tM 
quantity of matter In the moon to that of the earth. Ms. Adm Walhd^ 
in the X xth J.e£lure of his FamilUr Philofopby has made exa^y the lame , 
milbdte. It may be faid that the err<n heie be triifira ; the objeiUon Hi not ' 
made to the quantity of the error, but to the prineqde-of calcoiatlhn,jN!U^ 
may lead a teaSner, fri many inftancet, into very confiderable errors.--.^ 
Mr. A. WdbW, in Ihd Ikme Iiefhire, togenioiifly accouifU for Its being 
higlviwailtn Ip die aenkh and nadir at the lame time, in the iqibwing 
maimet, ** lbs pam of the earth that are f^eft frciiD dw mono, pA 
haveafivifrei:. motlep round tha centre ofgfnriiythaii die other parutf ' 
^ thus, theddee, wili deCciibe tliPciscle e VY« wl^-the frde w pM 
" only deCbnbs the fnmll elide mrs, round the centre of pevkf €7 
Idow, as every thing sn mocko ahraya endeavoufs to go forwSfd A C 
" ftra^htlint^ the water ate, haring a tendtney tofo off in the Mr a y, 
w^ inadpgyeeovebeoB w tfae power ofgrarity,andfwefrjManaa|^or 
pteuditraoce, as JMPeMted In the 6|itre,*aiid eeepdon sdde'anifiikp 
'* wdjHK^casffedby dte actvadUoR of theswim.' ^ 

^ s z tmmdz 
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ii«tr4i thafe places to maintaia the equSibrium ; and to fup- 
[dy the place of thefc waters, others will move the fame 
way, and fo on to places of 90 degrees diftaiice from the 
senith and nadir : copfequently at A and D where the moon 
ajppearsin the horizon, the waters will have more liberty to 
defcend towards the centre of the earth ; and therefore in 
thofe places they will be the loweft. Hence it plainly appears, 
tihat the ocean if it covered the whole furface of the earth, 
would be afpheroid (as was obfervcd in the forgoing the- 
orem) the longer diameter as ZN palling throu^ the 
place where the moon is vertical, and the Ihorter diameter 
as AP paffing through the rational horizon of that place. 
4(Viadasthe moon apparently* Ihifts her polition fiom eaft 
^ to Weft in going round the earth every day, the longer dia- 
" sieter of the fphcroid following her motion will occaiion 
the two Hoods and ebbs in about 24 hours and 48 minutes f , 
the time which any meridian of the earth takes in revolving 
from the moon to the moon again ; or the time elapfed (at 
a •medium) between the paffage of the moon over the me- 
ridian of any place, to her return to the fame meridian. 

The meridian altitude of the moon at any place is her 
greateft height above the horizon at that place, hence the 
greater the moon’s meridian altitude is, the greater the 
'tutss will be $ for they increaTe from the horizon D to the 
Mint Z under the zenith : and the greater the moon’s me- 
ndian depreffioA is below the honzon, the ^s^ter the 
Jrides will be ; for tkey ihcfeafe from the horizon p towards 
the point bdpw tm nadiri and confequently as the rides 
ioeream from D to N, the tides in their antijpodcs will in- 
from A to Z. 


/ M rest motion cf the moon U the weft tOwsiyh the s«ft 3 for 
foml ne^ tn/ ftight, ihe will be ieen tliiut X3 

dfiTlsK nsjr the wsM nt^t and fo on. Tbo momi 
wqp'ihsed ftar ko the isme again in shout 
IbwKS. ; zd: tha ttesninflit^ 

moon.iii 24 hours is 10^ 14'^ eft Mniihe 
neaa apott^fkiodcbof dm feme time'ia 59^ 8^ la (feeahd^e 

19 defimclon 61, |il|i^r4ythbinoQiiVmotioR it themfoW 
feifter tlvui the appdrem modoB of the run in tme day, which, iwnaaning 
4 minutsi cos degree, smounts to 48 guoutes 44 fsconds cf time. 

4 TitEORXM 




tihaf.Vl. RfiVLUX OF THV TIDE. 

Theorem IIL The time of high nvater is not precifely at the 
time of the moon's coming to the meridianyiut uhoat an boar 
after. f 

For, the moon ads 'with fome force after flie puffed 
the meridian, and by that means adds to the libratoiyi or 
waving motion, which the waters had acquired wliQft fhe 
was on the meridian. 

Theorim IV. The tides are greater than ordinary twice 
every montht via. at the timu of new and full mooUf 4nd 
theft are c/«///^SpRjnc-tides. {Plate III. Figure 

For at thefe times the adiona of both the fill) and^ moon 
concur to draw in the fame ilraight hue- 8MZON» and 
therefore the fea be more elevated, fxx eonjtiiidi0i)» 
or at the new moon when the fun is at 8 and the moon at 
M both on the fame fide of the earth, their joint forces 
confpire to raife the water in the zenith at ^nd confa* 
quently (according to Theorem h) at lit the tmdirlike* 
wife K When the fun and moon are in oppofition, or at 
the fi^ moon when the fun Isat S and the moon at w, the 

earth 


a Mr. Walker fays (C*e£lui« ixth) that at new moQii ‘‘tils 0 Mi*i ia» 
** duence is added to that of the mopn, and the centre ofgnnrity C {Pbte 
« Ilf. Figure 4th} MriU,thereft»re« be reinored Either frooi the earth 
» m C, and of ceurfe, increafe the ceDtrilbgtl tendeacf at the 

hence, both the attra^ed and cemr^gal tide ire ihnii|.ddef, at Inac 
time, But /pring-tidci take ydaee a| thhlUB uardB as at 
** change of the moen. blow it has been, |«cniilbd, that if wehad no 
^ moon, the fun would agjtate the oeean in a (inali (Ugrpe and hiike two 
tides evety twtaty-fonr hours, though upon a fmiA iesle, The rtuMH 
centiifiigKl tide at Z (Plate IQ, Figure 3.) hcliiig meraaied by the Wa 

*< attiadien atS, wiH midiieihe^ibmher^ui^ indihe/eiV 

«« tmarifijgel^ St, Id wiUkot^ohmitd by mi atcradion at s»« 

end tnaiie the protiwhemnce N a (9 ]|ruig-t>def take jjdsie 

«.«tthehdteswe0sidisfivsof chemoow%k^p<^^ the mofisPtdfMi 

tdken afsay (PhteillJ’igute 4 *) ihojtpmuSmWm of gravky^df mm 
oMi tod trould fall eudtely wlWk^ Inflame fab^|Oi^ 

the earth wwo^ec eUt a yeir ac^^the rate of SfKae I9 k Mf, 1 « MfeS 

tbS'^fiirts eef msiaith/artheitBmsbeiftlljpOi^^ 
di4bfmiawedi|Mi9«iisc4p!d4wincdWFS^ the 
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earth being between them ; while the fun raifes the water 
Z under the xenith and at N under the nadir, the mooa 
rsiS^ the water at N under the nadir aud at Z under the 
zenith. 


Theorem V. Tie tides are lefs than ordinary twee every 
month >• that is about the time of ihe firjl and Tafi quarfesy 
^ihe moon;^ krid ihefe are called Neap-tides. (Plate 
ill* Figure 3 . ) 


Becaufe in the quadratures^ or when the moon is 90 
degrees from the fun, the fun aAs in the direction SD and 
efevates the water at D and A 1 and the moon acting in tlie 
dire^^ion MZ or elevates the water at Z and N : fo 
the fun raifes the water where the moon deprelTes it, 
and depreffea ,the water where tlie iuoon raifes it ; confe- 
•ouently ,the tides are formed only by the diJFercnce^ between 
a^tFR&ive &)rcc of the fun and moon. — The xvatera at Z 
^d. N will ha -more elevated than the waters at I) and A, 
becaufe the moon’s attrafiivc force is four ^ times tliat of 
^tbe fun* 

THEORiSM 


^ ncarsftp So that if the fun' were on the tneridian'cif any place it would 
he high watex at that place by the fun’s attract ioii, and it would at the 
litone time be high water at the antipode* of tliat place by the centrUiigal 
tendency of If ^ canCequendy as the earth revolves on its axis from noon to 
noon in 24 hours, there ^V^uld be two tides of Hood and ttvo V ebb during 
that iimf. If the line m C be incresfed when the moon is hi conjun^lion 
‘ eridi the fnn, £0 'bs tn ’cfuft the fMint « to deferibe a Uiger circle than n V Y, 
allb the. point as to delcrih^a hugger rifde than myt round the centre 
jOf gravity C ; when the fun » in e|if«o(ltiof|, 4 o theitabon, the line m C will 
'^^hninUlic^ M ndtt therefore delcrihe n Analler circle than w VY, and 
defoibe a fmaller drdeffaaB mrs. Hence it appears that the e^-> 
of e is greater at the new moon dian it is at thefull 
MMMO, nod m jf.likewile more ftrong^ atiradted at the ^fome' dmee 
i]pringktl^ at ihe itww ef congundkm would ther^e be 
.grimrertiliNm a .not . the moon’s eentrifngar 

tide ft'thblimnidtin^ the («(in*s centrifuga^tSde added 

9re^ XXXVil. . Book HI. 

the fatouSu^rifnr:^^ chat .of the ftm, in xaUmgibe watm' blithe 
ocean, as 4^x5 ^0 i ; and in CoroU x* of the Cune prppolkioii he.eaku* 
latcs the«helght at the folii|:'ti'de tobc^fset o inch it the dunar ride f^ieet 
X inch and by tbeh joint ntitaaion |X dtet R inches ; whga Jtha moon 




VL i^EPunc of tide, ^ 

Theorem VI. The fpting4\dis do not haMtn ennBfy on fitf 
day of the change or full moon^ nor the ifeap^tides fnaBly on 
tie days of the quarters^ but a day or intfo aftemuards^ 

When the attradions of the fun and moon have confipired' 
together for a cunliderable time, the motion imprelkd cfin 
the waters will be retained for fome time after their attrac-^ 
tive forces ceafe, and confeqnently the tide will contiqiie to 
rife. In like manner at the quarters, the tide will be the 
Ibwefl when the moon’s attra&ion has been lefieo^ by the 
fun’s forfeveral days together.-*If the afiion of the fun ^ 
and moon were fuddenly to ceafe, the tides would contimio- 
theircourfe for fome time, like as the waves of the fea C0A» 
tmue to be agitated after a ftoml. • 

Theoium VII. Whenthe moon is neareftto^the earthy or in 
Penreef the tides inertafe more them in ftmihreireumfiances 
at other times* 

For the power of attraction iocr^tfes as the fquare of thr 
diftance ofthe moon from the eartKdecreafes^j-confequently^ 
the moon muft attract moil when (he is nctreft to tllir 
earth. 


is m Perigee the johit fores of die fun sadniobn wilUnlfe tbstidStupiituds 
of X3| feet.*— £Br Usac Newton's meafures ere in French fsst in the Fdn- 
cipis. 1 have tums^thtm into £RgU0i feet. 

Mr. Emerfon, in Fliuioiii, Se^icn III. Proh. aj, cdculwei dio’ 
|ie«teft height of the Ibhur-^Ue to be x.63 fi^,ihe hnur tide 7.18 tint, 
and by their joint 'Httra^on 8.91 feet, making the force ol the fuirta 
that of the noon as x to 4 48x5. 

Dk> HotilSf, the Ittf bilifc^ of St,A(ii|ib, eftimaiesthefbrce oftbe moon 
to dHSCif the am as 5^469x01. See hb«dkiMiofthePrinei|iNi,Uh.3. 
4 ha. 3 XNXVl. and XXXVII. 

,Mr. Walker, m Ledure xxth of hk Familiar IPhilofophy, ftmss The 
li^Sliee sf^fua to beto the biftueiice ofthe moon, to raue the water* 
as 3 k to xo, and their joint forte X3 s but he gives no^eafoq wl^ thefe 
aumkerssreofed. 

t 4 Tff EOEEM 
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THtOHEM VllL The fpring^tiJes are greyer a Jbort tintt 
hrforc the vernal equinox ^ and after the autun nal equtnoXf 
wi*. about the latUr end of March and September than at ang 
L^het tuat of the year {Plate III- Figure^-) 

Bccaufc the fun and moon will then a6l upon the equator 
ir the diie^lion ar/ B, confequently the fpheroidal figure of 
the tides wiU then Kvohe round its longer axij| and de* 
fcnbe a greater circle than at any otlier time of the year ; 

as this ^leat circle is defcnbed in the fame tune that 
a lefs circle is <k fcnbed> the waters will be thrown more 
forcibly againft the fhorea m the former circumibince than in 
the latter. ^ 

Thforem IX^ Lain ar^ net fuljeB to tides / and Jkudl ith 
land Jtas^ fuch as the Mediterranean and BahlCf ^are little 
fubjeB to tides. In very high latitudes north er/outh the 
tides are^lfo tnterfiderable. 

The lakes are fo fmall» that when the moon is Ter> 
tical fheattrads every part of them alike. The Mediterranean 
and Baltic feas have very fmall elevations, becaiife the in* 
lets by which they communicate with the ocean are fo nar- 
row, that they cannot, in fo fhort a time» receive or dif* 
aluorge enough to raife or lower their furfaces fenfibly. 

Theorem X« Thetmeof the tides ieMeHing in particular 
places f and hkewfe their height 9 may he very different ae* 
eerding to the Jituation of thefe places* 

For the naotion of the tides is propagated fwifter in the 
Men fea, and flower through narrow channels or fliallow 
wKes ; and being retarded oy fuch impediments the tides 
lanootiifeib hi^. 

Gsheral Observations. 

The morning tide# ^differ generally in their rife froni tie 
evening tides. 

The new nnd !ul! moon fpring-tides rifetb 
heights. * m 

lu winter the moniing tides am higheft. 

Xn fummer the evening tides ere higbeftit 

The 



K.SFLUX OFTHB TIDE. 


Ciafi. VL 


»t 


The tides follow, or flow towards, the courfe of tht 
moon, when they meet with no impediment* Thus the^ 
tide on the coaft of Norway flows to the fouth (towards the 
courfe of the moon) ; from the North-cape in Norway. to the 
Naze at the entrance of the Scaggerac dr Cattegate .Sea, 
where it meets with the current which lets conftantly 9 i]t; of 
the Baltic Sea,- and confequently prevents any tide 
in the Sc^ggerac. The tide proceeds to the foutbw^ 
along th^eaft coail of Great Britain, fupplying the ports 
fucceflively with high water, beginning farft on the cosift of 
Scotland. Thus it is high water at Tynemouth Bar at ^tbe 
time of new and full moon about three hours after tlhe tsine of 
high water at Aberdeen j it is high water at Spum^htad 
about two hours after the time of high water at Tynemouth 
B^ ; in an hour more it runs down the Hv^mber, and makes 
high water at Kingfton upon Hull ; it is about three hour# 
ruiintn^r fi^tn Spiirn-head fo Yarmouth Road, one hour ih 
running from Yaniwuth Road to Yarmouth Pier, ; 2^ hours 
running from Yarmouth Road to Hani'ich, hour in pftiT- 
ing from Harwich to the Nore, from whence it pft>cecid8 
up Ibe Thames to Gravefend and London. From the Nori^ 
the tide continues to flow fouthward to the Downs and 
Godwin Sguds, between the north and fouth Foreland^l^ 
Kent, where it meets the tide which flows out of the Eli- 
glifli Channel through the Strait of Dover. 

While the tide, or high water,, is. thus jglWng to the 
fouthward along the eaftecn coaft of Great Britain, ,it^d 
fets to the fouthward along tke weftern coafts of 
and Ireland ; bu^ on account of the ob{lru£lion8 it iU^b 
with by the WeTOrn Iflahds of Scotland, a#d tlieiimirrow 
paffage betwq^', the nortb-eaft of Iieteiid and‘tli5«^^'fdttth- 
of Scotland, the tide in. the Irilh fea cpmis, ronnd^^ 
the fouth of Ireland through St. George^s Channel, ^d 
runs in a notth-eaft direction till it -i^eets the tide betweea^u 
Scojtl^d and Ireland ^ the north-weft jyart of the Ifle'^of ‘ 
Man. "TKw'maybe nsffuraljy infeited from its beirtff hijgh . 

Witferfqird a^pve Jiour# before it is 
'terat Du1bIm, ~and it is'^ high water at Dundalk Bqy and rtte, 
Ifle of Msin nearly at the lame time. That tlm <^*nti- . 
sues its courfe fouthward iHiay be inferred feomlei^ng : 
wat^r at Ufiuuft, oppbme to Brcfft h .about 


OF TH« FLUX AWD 


Part L 




an faour after the time of high mter at Cane Clear, on the 
Ihntiiem coa/f of Ireland. Between the Lirard Point in 
Cornwall and the tfland of Uihant, the tide flows eaftward, 
or eaft-north-eaft, itp the Englifli Channel, along the coaiU 
of England and France, and (b on through the ftrait of 
^over till it comes to the Godwin Sands or Galloper, where 
it meets the tide on the eaitem coall of England, as has 
been obferved bcfoir. The meeting of thefe^wo tides 
contributes grSa^ towards fending a powerful tide up the 
river Thames to London ; and, when the natural courfe of 
thefe two tides has been interrupted by a fudden change of 
ihewiod, fo as to accelerate the tide which it had before 
retarded, and to drive bach that tide wliich had before been 
driven forward by the wind, this caufc has been known to 

C Dduce twice ’high water m the courfc of three or four 
urs. The above account of the tides feems to 

contradid the general theory of the motion of the tides, 
which ought always to follow the moon* and flow from eaft 
to weft : out, to allow the tides their fuM motion, the ocean 
in which they are produced ought to extend from eaft to 
Weft at leaft oo degrees, Englifli miles ; bepufe 

that is the diftance between the places v^ere the water is tlie 
moft raifed and dtpreiTed by the moon. Hence it appears 
that it is only in the great oceans that the tide can flow re- 
ff^rly from eaft to weft ; and hence we alfo fee why the 
, ^des in the Pacific ocean exceed thofe in the Atlantic, and 
why the tides in the torrid rone, between Africa and Ame- 
rica, though neariy under the moon, do not rife fo high 
as^in the temperate zones northward and fouthward, where 
th6 ocean is confiderably wider. The tides in the Atlantic, 
torrid zone, flow from eaft to weft till the^ are ftopped 
By the continent of America ; and the trade winds likewife 
AMtinue to blow in that direffckm. When the aftion of 
f he moon upon the waters has in fome degree ceafed, the 
force the tmde wmds, in a max, meafure, prevents thrir 
retuni towlurdi the Afiican 'mores. The watisr thus accu- 
m^ted * in the gulf of Mexicoi return to thoc Athmric he- 

tween 


* Teihew that til afeeamlafioii of imerUBes Uks ahcthsthtgidf of 
Mexico, a fimrey was ma^ acroCIi the ifthmus of Daneii, when the wa- 
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betviwen the ifland of Cnba, the Bahama iflandsi Eaft 
Florida, and form that remarkable ftrowcursent cidQedthe 
gulf of Florida. 


Chapter VII. 

Of the^aiural Changes of the earthy eaujed By Mountains^ 
Floods f V olcanoeSf and Earthquakes* 

T hat there have always been mountaina from ^hc 
foundation of the world, is as certain as that there 
have always been rivers, both from reafon and revelation ♦ ; 
for they were as neceffary before the floqii for every puipofe 
as tliey are at prefent. If the earth were perfectly level (as 
fome of our world-niaktrs have imagined, though diredly 
contrary to the Scripture) there could be no rivers, for wai- 
ter can flow only from a higher to a lower place ; and in-* 
ftcad of that beautiful variety of hills and valleys, verdant 
fields, foreftb, &c. which l|rve to difplay the goodnefs and 
beneficence of the Deity, a mfmal fea would cover the whole 
face of the earth, and render it at belt an habitation for 
aquatic animals only. 

All mountains and high places continually decreafe in 
heiglit. Riv^s running near mountains undermine amd 
warn a part of them ^wav, and rain fsdling on their Yum- 
mits waffles away the loole parts, and faps the fbundalions 
of the folid parts, fo tha^ in courfe of time, they tumble 
down. Thus, old buildings on the tops of mountains are 
obferved to have their foundations laid bare by the gradual 
waffling away of the earth. In plains and valleys we find a 


ter on the Atbottc was found to be fourteen feet higher than the 
itr Wthe Parifie fide. Walker's Falndier SPhnoTejihy, Le^hire xl 
• Foot liveit, orntberfoux hnuidtet 6C one river, ere erprifiityaesn^ 
doned before the doqih vn. Glfoa, IMltUl, and the 
0«nefie> chap. il. And in the 7 th chapter of Grtiefis, at the time hf iht 
flood, we are told that the foontrins of the great deen were hrdken up, 
the windows hemn were opened, the witets prevsttedege e Sfi fogty up* 
m the'ceAhi iadsHtbeUi^ hitts and thaeiiaiifofor w«|e cssdNd. 

B 6 contrary^ 
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contrary. efFeft ; the particles of earth wafliejd down from 
thebiik^ fill up the valleys, and aucient houfes, built in 
low places feem to fink. . For the fame rcafon a quantity of 
mudu dime, fand, earth, 3 cc. which is continually warned 
down frpm the higher places into the rivers, is carried by 
theilream, and by degrees choaks up the mouths of rivers, 
cfpeciaUy when the foil through which they run is of a loofc 
Ai^dlrich quality. Thus, the water of the river Miifiilippi, 
though wholcfome and well tailed, is fo muddy, that a fe- 
diment of two inches of dime has been found in a half pint 
tumbler of it ; this river is choaked up at the mouth with 
the mud, trees, &c. which are waihcd dowq it by the rapi- 
dity of the current. 

A circumftancc related by Dr. Plot, in his Natural Hif* 
tory of Staffordikire, will fervc to give an idea of the qiian* 
tity of earth which the rain wadies trom mountains* and car- 
ries along with it into the valleys. He fays, that, at eighteen 
feet deep in the earth, a great number of pieces of inuney, 
coined in the reign of Edward V. (viz. two hundred years 
before his time), have been found ; fo that this ground 
which is boggy, has increufed near a foot iu eleven years, 
or an inch and one-twdfth every year. 

.The higheft mountains in the world are the Andes, in 
South America, which extend near 4300 miles in length, 
from the province of Quito to the ilrait of Magellan ; the 
faigheil, called Cbimbora9o, is faid to be 20608 feet, or 
near four miles, above the level of the fea : 2400 feet of 
which, from the fummit, are alw^s covered with fnow. 

experiments made with a barometer on the moun- 
tidn Cotopaxi, another part of the Andes, it appeared that 
]ts::/ainmit was elevated 6252 yards, or upwards of 3^ miks 
the furface of the fea. There is a znpuntam in the 
^aud of Sumatra, called Ophir by the Europeans, 

* MoriTe's American Geography., ; ‘ ' 

f Tho qcuckfilver in a barometer falls abont i -tenth of an Inch evoy 
31 yards height^ fo that, if tb^ quickfilver defeend 3-temhs of 
inch, 'in alceiiding A.biQ, the perpendicular height of thaf lull wmijwp6 
. yards. This . me^M. is liable to eifror. See the Caries the 

Acstiracy of'Barianecri«»lBxpetnnw la tbs JBdlabdn^ 
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fummit of which is 13S42 feet hi^h : the Peak of Tene« 
liffe) iiithe ifland of ^at name, is &d to be 13265 feet, 6r 
u{}ward8of 2| miles high. Mont Blanc, the higheft mouti* ^ 
tain in Europe, is 15304 feet above the level of the fea* 
Thefe irregularities, although veryoonfiderable with refpe^i 
to us, , are nothing when compared with the magnitude of 
the globe ; thus if an inch were divided into one hundred 
and eleven parts, the elevation of Chimbora90 the highoft 
of the Andes, on a globe of eighteen inches in diameUsr^ 
would be reprefented by one * of thefe parts. 

Hence the earth, which appears to be eroded by the 
enormous height of mountains, and cut by the valleys arid 
the great depth of the fea, is neverthelefs, with refpefl to 
its magnitude, only very flightly furrowed with irregulari- 
ties, fo trifling indeed as to caufe no difference in its figure. 

Having, in fome meafure, accounted for the defeending 
of the earth from the hills, and filling up the valleys, Hop- 
ping the mouths of rivers. See, which are gradual and much 
the fame in all ages, the more remarkable changes may be 
reduced to two general caufes, floods and earthquakes. 

The real or fabulous debits mentioned by the ancients, 
may be reduced to flx or feven, and, though fome authors 
have endeavoured to reprefent them all as imperfeft tradi- 
tions of the univerfal deluge, recorded in the facred writ- 
ings, the abbd Mann f, rrom whom the following obfer- 
vations are extra€fed, does not doubt but' that they 
fer to various real and diitin^l events of the kind. 

1. The fubmerfion of thcjiflanus of Plato, probably was 

the realfubfidenceofa great ifland, flretching From th« Ori- 
naries to the Azores, ofwhicU thofe groups m fbiall iflands 
are the relics. , , 

2 . The deluge in the time of Cadmus and Dardantu, 
placed by the heft ' chronologifts' in the year before Chrift 
1477, isfatd by Diodorus Siculus to have inundated Samo-' 
thi^e ^d the Afiatic fhores of the Euxine fea. 


V « the fiift note (Chap. HI. page 54) Figure of the Ewrciti 

Tide N<KiyeettX Memdires de rAcadetnie Imperialo RcyalA'ds 
Imscaa ft des BeUe»X.ettre 8 , de Bruflala, tome premier, ^ ; 

l .Tbs aqcisat names which osciur hvt msy sH ^ jbfau 

j. Tnt' 


96 


KATVRAL CMAKeE*S OV THE EAETHf Pari L 

3. ^he deluge of Deuealiont nehtch the Arundelian 
maihles *» or the Parian chratiicles, fix at 1529 years be« 
•&re Chrift) overwheimed Theilkly. 

4* The deluge of Ogyges^ placed by Acuiilaus in the 
yeir anfwering to 1 796 before ChriH, laid waile Attica and 
]raotia. With the poetical and fabulous accounts of Deu- 
calion’s flood are mingled feveral'circumftances of the uni- 
'*verfal deluge ; but the belt writers attcil the locality and 
diUmdlnefs botli of the dood of Deucalion and Ogyg^s* 

5* Diodorus Siculus^ after Manetho, mentions a flood 
which inundated all £g>pt in tlie reign of Oiinr ; 'but, in 
the relations of this event, are feveral ciicumllances rei^m- 
bling the hiftory of Noah’b flood. 

The account given by Berofus the Chaldean, of an 
iiniverfal delugcf in the reign of Xifutlirus, evidently re- 
lates to the fame event willi the flood of Noah. 

7. The Periian Guebres, the Bramins, Chinefe, and 
-Americans, have alfo their tiaditions of an univerfal deluge. 
The account of the deluge in the Koran has this ren arka&e 
circfumflance, that the waters which covered the eaidi arc 
reprefented as proceeding from the boiling over of the 
cauldron f , or oven, Tannow^ within the bowels of the 
earth ; and that, when the waters fubiided, they were fwal- 
'lowed up again by the earth. 

The abbe next gives a fummary of the Scripture account 
' of Noah’s flood, and points out very clearly, that part of 
the waters camp from the atmofphere, and part from under 

S ound agreeable to ^he 11th verfe of the viith chapter of 
enefis. 

Earthquakes arc another great caufe of tlie changes made 
iirthe earth. From hiflory, we have innumerable luftances 
of the dreadful and various effects of thefe terrible pheno- 
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mens. Pliny iiae luot only recorded mtmy fcxtirdordinilfy^ 
phenomena which happeiicd in his oWn dme^ but has like* 
wife borrowed many others from the writiqgs of snore an.* 
eient nations. 

X • A city of the Lacedemonians was deftroyed fay an 
«Brth<}uake9 and its mbs wholly buried fay the mountain 
Taygetus faHing down upon them K 

2. In the books of the Tufcan Learning an earthquake H 
recorded, which happened within the territory of Modern, 
when L. Mattius and S. JuHus were confuls, which repeat* 
ediy dafhed two hills againft each other ; with this coinflift 
all the vilUges and many cattle were deftroyed. 

3. The greatt^ caithquake in the memory of man was 
tliat which happened during the reign of Tiberius Cfcfrr, 
when twelve cities of Alia were laid level ift one night f. 

4. Tlie eruption of Vefuvius, in the year 79 over- 
whelmed the two famous cities of Herculaneum i and Pom- 
peii, by a fhower of ftunes, cinders, aihes, fand, &c. and 
totally covered them many feet deep, as the peo|de were 
fitting in the theatre. The former of thefe cities was fituated 
about four miles from the crater, and the latter about fix. 

By the violence of this eruption, afhei were carried over 
the Mediterranean fea into Airica, Egypt, and Syria; and 
at Rome they darkened the air on a mdden, fo as to hide 
the face of the fun || . 

5. In the year 1533, large pieces of rock Were tkrjjuti 
to the diilance of fifteen miles, oy tlic volcano Cotopaxi in 
Peru €. 

6. On the 29th of September 1535, pilous to axi erup- 
tion near Puzzoli) which fonned a new mountaiii of three 
miles in circumference, and upwards of laoo feet perpen- 


e P]niy*8 Natural Hiftory, chap. 79. 

f P&iy, chap. B4. 

4 PHny loft nU bfe by this erupdon, from too eager a curiofity in view- 
ing the flames. 

5 This tftfbovereil in the year 2736, eighty leet below dseftur- 

free of the earth ; and ibme of theftreets m Pompeii, ftc. have fines hseit 
sfifooverei. 

i Btmet't fiaoied Hiflory, poge 85, volSi. 

Ulfes'i Voyage to Pdni, voLiffage 3^ 
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diciilar height, the earth frequently Ihook, and the |data 
lying between the lake Averno, mount Barbaro, and the 
vetLf was raifed a little ; at the fame time the fea, which 
was near the plain, retired two hundred paces from the 
fhore^ 

7. Tn the year 1538, a fubterraneous fire burfl open the 
earth near Pur roli, and threw fuch a vaft quantity of afhes 
and pumice Itones, mixed with water, as covered the whole 
country, and thus formed a new mounUm, not lefs than 
three miles in circumference, and near a quarter of a mile 
perpendicular height. Some of the afhes of this volcano 
reached the vale of Diana, and fome parts of Calabria^ 
which are more than one hundred and fifty miles from 
PuzzoL f. 

B Intheyeaf 1538, the famous town called St Eu- 
phemia, in Calabna Ultenor, fituated at the fide of the bay 
under the junfdidlion of the knights of Malta, was totally 
fwallowed up with all Its inhabitants, and nothing appeared 
but a fetid l^e in the place of it j:. 

9. A mountain in Java, not far from the town of Paaa- 
cura, in the year 1586, was (battered to pieces by a Violent 
eruption of glowing fulphur (though it had never burnt be- 
fore), wherry ten thoufiind peoj^e perifhed in the under- 
tsad fields 

10. In the year 1600, an earthquake happened at Ar- 

J uepa in Peru, accompanied with an eruption ot fand, ’'afhes, 
:c. which continued during the fpace of twenty days, from 
a volcano breaking forth : the afhes falling, in many places, 
above a yard thick, and in fome places more than two, and 
Mdjere leafi, above a quarter of a yaid deep, which buned 
the com grounds of maize and wheat. The houghs of 
were broken, and the cattle died for want of psuture'*; 
for the fand and afhes, thus erupted, covered the fields 
dSnety biiles one way, and one himdred and twenty ano- 
ther way During the eruption, mighty thunders And 
Iil^tnitigs were heard and feeu ninety miles round AnqUi^a, 

■ — , — ^ 

* Sir sObik^vatioos on Vefuviuc. 

4 1bid.p,zz8. 
i Dr Hooke’s Poft p, 306. 

$ Vsrsxuus* Gsoipspby, voL i« p. ijOi 
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and it was fo dark whilft the fhowers of alhes and fand 
lailedf that the inhabitants were obliged to bum candles at 
mid-day 

ii« On the i6th of June 1628, there was fo terrible an 
earthquake in the iflatid of St. Michach one of the Azores, 
that the fea near it opened, and in one place where it was 
one hundred and fixty fathoms deep, threw up an ifland } 
which in lifteen days, was three leagues long, a league and 
a half broad, and 360 feet above the water f. 

12. In the year 1631 vaft quantities of boiling ^ water 
flowed from the crater of Vefuvius previous to an eruption 
of fire ; the violence of the flood fwept away feveral towns 
and villages, and fome thoufands of inhabitants j;. 

13. In the year 1632, rocks were thiown to the diftatice 

of three miles from Vefuvius §. • 

14. In the year 1646, many of thofe vait mountains tha 
Andes || were quite fwallowed up and loft f . 

15* In the year 1692, a great part of Port Royal in Ja- 
maica was funk by an earthquake, and remains covered 
with water feveral fathoms deep ; fome mountains along 
the rivers were joined together, and a plantation was re- 
moved half a mile from the place where it formerly ftood*^. 

i6« On the 1 ith of Janujuy 1693, ^ earth(|uakie 
hiqipened in Sicily, and chiefly about Catania ; the violet 
« flialuog of the earth threatened the whole iiland with entire 
defoliation^ The earth -opened in feveral places in verp 
long clefts# ' fome three or four inches brpad, others 
great gulfiu Not lefii than 59,969 perfons wi^re deftrdyed 
by the falling of houfes in difl^ent parts of Sicily f f • 

17. In the year i699» ^ earth* 

quake in the ifland of Java, near the head of the great Ba- 


a Dr, Hooke's Paft. p. 504 

i ^^Sir W. Hsmiltwi'S #lil4Mmtiont on Vefuvius and JEtna, page 1591^ 
Ibid. ' . 

QMidam'sAbridg. PbiLTraiif. VoL iLp. 4x7, 

M* Gonwunine rie)prBroiits''there isountains and the Apsnuioei, ss 
cny s of volesnow* hit Tour through Italy, 1755. 

■ . JQhr* Hooks'* Poift. p, 306* 
o* Lowthoxp'a Abridg. Phil Trsa£ voL iL p. 417. 

Ibid* v^ IS. p. 408, 409. 
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tavtan river, and nine more were alfo funk near the Tan- 
.garang river. Between the Batavian and Ta&garang ri- 
vers, the land was rent and divided afundcr, with greet 
ciefts more then a foot wide « 

18. On the 20th of November 1720, a fubterraneous hit* 
burft out of the fea near Tercera, one of the Azores, which 
threw up fuch a vail; quantity of ftones, &c. in the Ipace of 
thirty days, as formed an ifland about two leagues in diame- 
ter, and nearly circular. Prodigious quantities of putniee 
ftone, and half^roiled hfh, were found floating on the fea 
for many leagues round the ifland f • 

19. In the year 1746, Calloa, a conilderable gaitifim 
^own and fea port in Peru, containing 5000 inhabitants, was 
violently fliaken by an eaithquake on the 28th of Odlober ; 
and the people had no fooncr begun to recover from the ter- 
toroccanoned by the dreadful convidfion, than the fea 
rolled in upon them in mountainous waves, and deftroyed 
the whole town. The elevation of this extraordinary tide 
was^fueb as cooveyod fliips of burden over the garriibn walls, 
the towers, as^ the town. The town was razed to tiie 
groiiUd and to ooni^etdy covered with land, gravel, 
uM not a veMge or it remained j:. 

So. Pievioas to m oruption of Ve&vius, the earth 
^IceiBblesi^and fubtenuneoas ^lofioiis are heard; the fea 
4 lkewife '^Tsthus from the adjacent Aoxu, till the mduntatia 
Is burft 0 pm, then idtuma with in^etuofity and overflows 
4 laufod ooundury. Thefe undulanoiis of the fea ammot 
’^MeuHtrto VefoviOs : riteeartbquakewbiehdeftmycd 
iMi «on the iiift Hft November was preceded by a 

'fumbltiig noife, whsebdnereafed to loiA a de^e as to evual 
thedoudefl: oaonoa. " About an hour smr 
thefe mocks, the fea was obferved fmn the high grounds 
to oome* ruihiag towards the city like a torrent, though 
ugainA wind and thle ; it rofe fprty feet higher than was 
ever known and fuddenly fid>iided. At Rotterdam, the 
branches or efaandeliers in a church were obferved to ofcil- 
late like a pendulum ; and we are told that it is no tincom* 


s Lowthorp's Abrjclg. FHIU'IratiC voloa. 419. 

4 Esmes* Abrid^. Phil. Tianr.voL vi. put ii. 20J. 
I Olborne's Rcl«ition of Eartb^uakoh 
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mon thing to fee tlic furface of the earth undnlate as the 
waves of the fca at the time of tiiefe di'eadful coovulfiona of 
nature *. 

21 * The laft eruption of Vefuvius happene<Mn July I794> 
being the moil violent and deftruflive of any mentioned m 
hiftory, e&cept tbofe in 79 and 164 1. The lava covered 
and totally deftroyed 5000 acres of rich vineyards and cut- ^ 
tivated lands ; and overwhelmed the town of Torre*dcl- 
Grcco : the inhabitants, amounting to i8,ooo, fortunately 
efcaped ; and the town is now rebuilding on the lava tliat 
covers their former habitations. By tliis eruption ^the top 
of the mountain fell in, and the mouth of VeXuvius is now 
little ihort of two miles in circumference. 

Earthquakes are generally fuppofed to be caufed by ni- 
trous andfulphureous vapours, inclofed in tjlie bowels of the 
earth, which by fome accident take fire where there is little 
or no vent. Thefe vaaours may take fire by fermentation f , 
Or by the accidental mUnj^ <of nocks and ftones in hollow 
places of the earth, and ftrtkitig againft each other# When 
the miters which form fobtermneous fires ferment, heat, 
aifd infiarac, the fire makes ap effort on every fide, and, if 
it does not find a natural ^vent, it raifes the earth and forms 
a paffage by throwing it pp, prodaeiog a volcario.^ If the 
quaatitv of fiibflanoea whi<^ take fine be not confidevsblet 
. an earthquake may enfue without a volnano beiag foriuad* 
The air preduOed and rarefied ^ the fubtananeoua^itf 
aUbfind liiieU vents by wbi^m it mayofcape, 
this cafe there wtU only he a fhook, without arim|n^||i 
or volcano. Again, all inflaminabfe^fukAaooes, 
i^lofion, promice by inflamiDatioa a great 'iquantity;! of 
mr and vapour, and fuch air will neoefbriiy be jo a fiate of 
very great rarefadion : W’hen it is compmffed iu a fe^l 
^poce, like that of a cavern, it w^ill not fiiake the earth im- 
> mediately aStove, but will fearch for pafiages ia order Oo 

. - .--Iii. ■ .. ■■■ 1 .1111 nll .i l ii ain > ■ ■(■■■I 

e See the Phil TimCreTpsilllig tbs earth^oakeon tbefiifi o^jNsrsm- 
her 17SS9 ’thx. jwt x. 

f JiJi equal quaanty of fuYphur and the filings of iron (Sbgdt xb or 
ts lb.) worked itito s pafte with -water, and buried in the grmd, wSl 
bui^fi into a Sj»me In s^t or'tsn bows, aadciiife the eardi fttfndk to 
trjembk. • < 

make 



Pati I. 


92 natural chanCrs, kc. 

make its efcape> and will proceed through the feveral inter* 
ftices between the different ftrata, or through any channel 
or cavern which may afford it a paffage. This fubterra- 
neous air or produce in its paffage a noife and 

motion proportionable to its force and the refiftance it meets 
with : thefe eRv€\s will continue till it finds a vent, perhaps 
in the fea, or till it has diminifhed its force by expanfion. 

Mn Whitehurft imagines, that fire and water are the 
principal agents employed in thefe dreadful operations ^f 
nature * ; and that the undulations of the fea and the earth* 
and the ofcSlation of pendulous bodies, are phenomena 
which arife from the expanfive force of fteam, generated in 
the bowels of the earth by means of fubten*aneous fires ; the 
force of fteam being twenty-eight times greater than that^of 
gunpowder, vizt as iaocx) is to 500 f • 

It is evident* that there is a great quantity of fteam ge* 
nerated in the bowels of the earth* efpecially in the neigh- 
bourhood of volcanoes* from the fr^uent eruptions of boil- 
ing water and fteam* in varions parts of the world. Dr. 
Uno Von Troil* in his Letters on Iceland* has recorded 
many curious jnftancCs. One lees here*^’ fays he* 
« withiu the circumference ^halF a mile* or three Englifti 
<< mSes* for^ or fiftrboihiig fprings toother : in Umt 
^ the water w petfemy clear* in othersthick and dayeys 
<< in feme* whereh paws thiough a fine ochns* it is tinged 
^ red as fcarkt* ; and in others* where it flows over a paler 

it is w^e asimlk.’’ The water fpouts up from 
*fbmeof thefe fpmgs Continually* from others only at inter- 
sriis. The apmure through whmh the water lofe in the 
lii|peft fpring was nineteen feet in diameter* and the greateft 
'femigfat to wmch It threw a column of water was ninety^wo 
fM. ^Previoui to this eruption* a fubterranegus noite was 
fidfttetfdy heard, Uke theexplol^n of cannon $ and feveral 
iloues* Vj^fa were thrown into the aperture during the 
eniptioii* retumed with the fpouting water. 

--■■■li.. , 1 .HI 

' a M.l}oloii|isu ftems to be aftht fame opinion. 
t loqiiiry tiua tht Odg^Sute and yar«Dadon of the dkapRl 
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Chaipteh VIII# 

Hypotbefei 6f the Antediluvian wtridt and the jj^ufe of Koalfi 
Jplbod* 


** Oo teach eternal 'Wlfdom bow to rule, 

T hen drop intothyielf, and be a 

POPB. 


T here have been various opinions, conje&ures, and 
hypothefes, iefpe£lmg the original foniudioii of the 
earth. The vrnters of thefe hypothefes, not fislisfied with 
the Mofaical account of the creation, though they had no 
other certain fbundation to build upon, thought thendelves 
at h'berty to model the earth according to thd diftates of 
their own imaginations. Hence we have^had as great a 
variety of theoretical fyftcms as writers, and thefe ?o con- 
tradidory and difcordai\t to each other, that, inftead of 
throwing light on the fobje£^ they have, if poffible^ in- 
volved it in greater obfcurity ♦. 


1. Dr# BvaiiBT’s TKEoayf. 


Dr. Bumet fuppofes that the earth was originally a fluid 
mafs or chaos, conipofedrof various fubiUtnces, differing 
both in denfity and ngure : thofe whic^h wetwtibemoft denfe 
funk to thn cuOtre, and iomnd there a faasd £riid body ; 
thofe which wei% i^^fically lighter remaised neat ab#ve ; 
and the wafierBi winch were ftiU lighter, coveied«thcmbli^ 
furface of the earth. The air am other etheresfl flods, 

- - -- — — — - .. i.. - ■ - 


* The of sQ thd VritetS is lo prow that Noahh flq9^ might 
have beea pro<hic«d hy natural caufest widiout ths imme^bto interp^- 
don of tbe Abnishty. £adi of thefe bypochefes contdhl much 
udbrfujtioay Wonilied m the common niaia of hSwoi end fionje^ture. Ine 
audior of this work has been loducsfl to draw up, hi as' fmiU a compaii 
as aoflible, a general outline of each of thefe hypocbelhH abd to Mw oo* 
csflonal^, m than notes, the tuTuIBcieiicy of any of them to SteosiE^ 
the prematkw of mankind and the diflerent animals, without (nB 
eiihtftotvSiiao 

t Br. £elll*s exammadon and confliudon of t)r« 

Goldrimth, in hsi Animated Nature, calls it a theory alike dlRlMtV^^ 
fbf the el^sQce of its Isnsuage, sad the fludlownefsof 

iritfcii 
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which were lighter than waf^er# floated above the waters, 
and totally furrounded the globe. Between the waters, 
however, an^iie civcumamiBiient air, was formed a coat 
of oily and ditaous matter, lighter than water. The air 
at firre was very impure, and muft iieceiTarily have carried 
up with it many of thofe particles with which it was once 
bknded : however, it foon began to purify itfelf, and de* 
pofit tliofe particles upon the oily cruft aoove mentioned, 
wbkhfoon uniting together, tlte eailh and oil became the 
cruft of vegetabM earth, with which the whole globe is 
now covered. 

At this time the earth was fmooth, regular, and uniform, 
without mountains and witliout a lea. In order to form 
rivers, he fuppofes the heat of the fun cracked the outward 
cruft of tlic eai^h, and fo raifed vapours from the great 
ab) fs below. There was no diveriity or altetation ot the 
feafons of the y^ar, but a peipetual fummer ; the heat of 
the fun thereforci ading continually upon the earth, made 
the cracks or filTures wider i^nd wider, and, as it reached 
the waters in the abyfs, it began to rarefy them, and gene- 
rate fteam or vapour. 

Thefe vapours being pent in by the exterior earth, preiTed 
with violence againft cmft, and broke it into milljons of 
fragments* ; mrfe fragments falling into the abyfl), drew 
down with them vaft quantities of air, and by dafliingagainft 
each other, and breaking into fmall parts by the repeated 
violence of the Ihock^ they at length left between them 
large cavities, contaming notldng but air. Thefe cavities 
naturally offered a bed to receive the influent waters ; and, 



e During thefe violent coavpIUeni in nshire, how were No^h and tlie 
antnsls .prsierved without the imRte&te imerpolHion of Pronimee ? 
The only saimals that could fland any chance of e^btpuig deftnaftion 
wpnU bs« tho4Aite; and how they roiM esift in the gmt aby(s below, 
wi^out gii^ k not safy to conceive. Hiere was no water on ttM forftce 
of the earrit till the exceflive heat of the fun cracked the oily and vefik 
table cruft ; now, if rhe animals and Adam, ftc. were cmated hefiae mis 
cruft was emriead, how they exift wkboQC watwi In'thoMdfidci^ 
account of theaMnn, hi chellrit chapter of Otnefisi we And the wiOcfm 
and good^ of God dii^ayed, by pmvidiiig ChbAftuftet finr Ms creatures 
hSftftS |hey were created. 
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in proportion as they filled, the face of the earth became* 
once more vifible. 

The higher parts of its furfiKe now beea|m the tops qt 
Atouutains, and were the firfi that appeared ; oK plains next 
made their appearance ; and at length the whole globs was 
freed from the waters, except the places in the mweft fia- 
tioas ; fo that the oSean ana Teas are (till a part of the an* 
cient abyfa. Iflands and rocks are fragments of the earth’s 
former cruft ; continents are larger mafles of 4 ts brofaem 
fubftance ; and all the inequalities which are to be found oor 
the furface of the prefent eailh, are effe&s of tbe confufion 
into which both the earth and water were at tliat time 
thrown. 


3. Da, Woodward’s Theory**. 


Dr, Woodward bedns with afierting, that all earthly 
fiibftances are difpofed in beds of various natures^ lying ho* 
ri/ontally one over the other, fimilar to the coats of an 
onion ; that they are xmlete with (hells and other produc* 
tions of the fea, thefe (heUs being found in the deepeft ca* 
vities,^ and on the tops of the highqft mountains. 

^ From tliefe obfervations, which are warranted by expe^ 
nance, he proceeds to obferve, that thefe (hells and extna* 
nepue foffih are not productions of the earth, but are aU 
actual remains of thofe animals which they are known^to 
rcfemble ; that all the ftrata or beds of eaith lie underneath, 
each other in the order of their fpecific gravity f, and tliat 
they are difpofcd as if they had been left there by fubbdme 
waters, conlequeotly all uie fiibft*inces of which the earth 
was compofed were originally in a ftate of dUTolution* This 
diffolution he fuppofes to have taken place at the flpod: butt 
,being aware of an objection, that the fheUst &c«fuppofedto 


^ Bse Dr, Atbathnot^ esaisiaatuni of das tbiory, sad comparito 

Tluf bty ppmcasTtitts, for we 'find layers of ftoneomr dwSshtefi 
ibibi and thefeSM eanb Under die hardeft 'bodms. The IJiedfis snu' 
vlty of tnterls left ihan that ofeartb, and therefiee wpubU if d^liypo* 
th^ ware tnie^ eonftnntly e^flnw tbe esrthi and of s tsm- 

<iueoiit,‘werflwiild have an aquesua fitrfiice,a fit halMtatioolbr Jiodfingfiat 
iifiies! 

have 
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have been depofitcd at the flood, are not dilTolved, he ex« 
them from the folveat power of the waters, and en- 
deavours to (hew tliat they have a (Ironger cohefion than 
iidnerals ; and that while even the hardelt rocks are diflblv* 
ed| bones and Ihalls may remain entire. 

3. Mr Whistok's Theory *. 

Mr* Whiflon fappofes the earth was originally a comet ; 
and confiders the Mofaic account of the creation as com* 
snencing at the time when the Creator placed this comet in 
a more regular manner, and made it a planet in the folar 
fyflem. Before that time he fuppofes it to have been a 
globe without beauty or proportion ; a world in diforder, 
fulled to all tbp viciiGtudes that comets endure, and alter- 
nately exTOfed to the extremes of heat and cold. Thefe alter- 
nations of heat and cold, continually melting and freezing 
the forfiice of the ^arth, he fuppofed tp have produced, to 
a certain de;|^h, a chaos farrounding the fohd contents of 
the earth. This furrounding chaos he deferibes as a denfe 
though fluid atmofobere, compofed of fubftances mingled^ 
agitated, and fhocked againft each other ; and in tliis dif- 
order he fuppofes the earth to have been, juft at the com- 
mencement of the Mofaical creation. A^eii tlie orbit of 
the comet was changed, and more regularly wheeled round 
the fun, Jcvery thing took its proper place, every psht of 
the fuiTOunding fluid then fell into a certain fituation, ac- 
cording as it was light or heavy. The middle or central 
part which always remained uACMn^ed, ftill continued fo \ 
reteining'a part of that heat which it received in its prime- 
approaches towards the fun ; which heat he calculates 
may continue about fix thoufimd years. Next to this fell 
theheavier parts of the chaotic atmofphcre, which ferved 
to (no lighter ; but as in defeending, they coul^ 

no( epthaJy be leparated from xnany watery parts, with 
vrhith tbey Wtre intimately mixed, they drew down thefe 
ahb albtfg with them ^ ^nd thefe could not afces4 again 
afeer the of the earth was confolidated* l^us the 

»m m iiyp M . II .1 1 , I I i j .ii I , I <11, 
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tire body of the earth was compofed, next the centre, of 
a great burning globe of more than 2000 leagues in diame- 
ter : next to this is placed a heavy earthy fubftance which 
encompafTes it ; round which' is circumfufed a body of 
water ; and upon this body of water is placed the cruft 
which we inhabits The body of the earth bei^ thus form- 
ed, the air, which is the lighteft fubftance of alt, furtobnded 
its furface, and the beams of the fun darting through, pro- 
duced the Gght, which we are told by Mofes jfirft obeyed the 
Divine command. 

The whole oeconomy of the creation being thus adjufted, 
it only remains to account for the rifings and depreffions on 
its furface, with other Teeming irregularities of its appearance. 
The hills and valleys are by him Tuppofed to» be formed by 
their preffing upon the internal iluid^ which fiiftains the 
external fiieli of earth, wkh greater or tefs weight : 
thofe parts of the earth which are heavieft fink the loweft 
into the fluid, aikd thus become valleys ; thofe that are lighteft 
rife higher upon the earth’s furface,* and are called mouii* 
tains. Such was the face of nature before the deluge ; the 
earth was then more fertile and populous than at prefent : 
the lives of men and animals were extended to ten times their 
prefent duration, and all thefe advantages arofe from the 
luperior heat of the central globe, which has ever liuce been 
cooling. 

To account for the deluge, he fays that a comet defeenSU 
ingin the plane of the ecliptic towards its perihelion^ on the 
firlt day or the deluge, pafled juft before the body of tlie 
earth. This comet, when it came below the moon, w'ould 
raife a vaft and ftrong tide, both in the feas that were om 
the furface, and in the abyfs which was under the upper 
cruft of the earth, in the lame manner as the moon at pre- 
fent rarfes the tides in the ocean. That thefe tides wduld 
begin to rife and increafe during the approach of the comets 
and would be at their greateft heijgbt when the copirt Wia 
at its leaft diftance from the earth. By thefe tides, /cfpj^fed 
by the attraction of the comet, he fuppofes that the; libjrfs 
would aflTumean dUptical figure, theluifaceof wbi^': 1 smg 
much larger than the fpherical one, l^eijbr 

cruft of earth mull conform itfelf to the fame figure* ‘ J^t 

f 
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cruft was fdid soft compad* it muft of ne« 
mky, by the violent force of the tider be ftretched and 
bio^n*. lliie comet paflmg dofe by the earth.involved 
it in its atmofphete and tim for a confiderahle time, and left 
a prodigious quantity of vapours on the earth’s futface. 
Thefe vaTOurs hieing ve^ much miefied after their primary 
falh pQH^. be ftnmediateiy drawn up into tlie air again, 
and afterwards defoend m violent mins, and would be the 
<€avfe of the forty days min mentioned in Scripture. 

The reft of the water was forced upon the furface of the 
earthby the vaftand prodigious premireofthe incumbent 
waterderived from theoomets fl^mofphere, which funk the 
outward cruft of the earth into the abyfs. By thefe meana 
he Cuppofes that them was water enough brought on the 
fuifoce to cover the whole face ^f the earth, to uie perpen. 
^irndar hemht of three imles. And, to remove this l^y 
of water, ne foppofos the wind dried up feme, and forced 
the left through the cracks aiidfiffuresof the eaith into the 
nbyb, whence great part qf it had ilTued. 

4* Buffok’s Theory. 

M. lJeBuffon Vgins his theory by attempting to prove 
that thw world wKi^ we inhabit is nothing more than the 
ruins of a world. ** The furface of this immenfe globe 
** (ftp he) ^hibits to our obfervation, heights, depths, 
** plains, fta, mstrlhes, rivers, caverns, gulphs, volcanoes ; 
and on a curfory view, we can difeovef in the difpofition 
ofihsfe bbje&s n^iHher order nor regularity. If we jwne- 
^ tmte ihto the bowels of the earth, we find metals, tti[ine- 


sdc during tbb conmockm i To frdibrve the 

fKk,4iithwa'^ immedttte wowdioo qf .Provjdeoes^ It vqyld be nscei;^ 

if and onhirirem no ^ent 

(heib and marine hodietbe throwa upon the hind m 
thq SMsf mmariins, or be buried manv htt deep in die *eatth? The 
aisi(oy ^ .pNwvhig fbt wb, eonld mom^wMeof dwftells ; 

for qesn%prtio| die IbiSlib ip)|dd.dcAxoy 
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rah, ftooe, bitiimei»s» &od%| and inifttttiy 

^ of mry kind»^ pkcnd.^as^ k were by mm Jieekfent*, and 
without an^ apparent defign. U^n a jienret and more 
auentive inlpmkmf we diitover-funk moimtaiiMt^ oawerne 
ilUed up, Altered aockiy whole countrie8;.fwaUowed^Upj 
new iflancb merged £tom the oceax^ heayv 'i^ftbftaneee 
^ placed above light onei,. hard bodiea ihcMm wkhilt. ibft 
«« bodies : in a.word we find xnattermeveiy fermv dey and 
<< humid, wann and cold, Iblid and brit^i hleioded In n 
^ chaos of confufion, which can he compared to nothing 
** but a heap of nibbifh, or tbeniins of exd* 

mining the bottom of the fea, he ohienres, that we petceive 
k to be equally irregular at the furface of the dry latid^ Wef 
difcover hflla and valleys, nlaina-'and^holldws, rocks and' 
earths of every kind ; we ^iteuVfr ^likewife, that iflands wte 
nothing but the fummits of vaft moontaiinB,' whofe founds* 
tions are buiied in the oceaov ' We ftsd other hioifntainK 
whole tops are nearly on aleyel Witfethe ftkfi^of tfaeWatert 
and rapid currents which ran eoatraTV' to tdw 'gtnestl ]|iove«> 
ment ; thefe like rivers never ex ceea their natural limits* ^ 
The bottom of the ocean and fhelving fideil of rocks pro* 
duce plentiful crops of jxlants of many differeq| fpecies 
its^ foil is compoi'ed of land, gravel, hscks, and^ftrils $ iii: 
fome places it is fine clay, in others a' cCtthpad eai^ i 
in general, the bottoni of £he fca has an e^xadl i^eniblaiic^ 
to the dry buid which tve inhabit. In 1 k<^ Bbffof^ 
fuppofcd that the dry land was formerly the hottom of thex 
fea; he fays moreover, that it is that Ihe iKfllfi 

and marine fubftancet which we find at an ilrnmefllb de{^ inc 
theeaxth, and even in rocks and marble, (tioitld^'fihve becxi 
the effeds of the deluge ; for the waiters <oiil^ iKk over* 
turn, and difiblve the whole fOrfiice of thb earih| to the 
gitateft depths. ^Ths^eavth muft 
ginilly much loftev^than k ncNT iiidf^t k tofacqliked 
ksif^erftfoiidky 
conmuMtly the earth is much leis, 
than formerly/ , , , ^ 

With regard to the original forma^on^the jEi^ M 
the {dsgtieu m owr hefuppofes 
tachedfroih the fun all at once by# mighty ftimopf k ;.eii# 
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ittet * ; not in Uie form of globest but in the form of tor-* 
fviiis ; the motion of the foremoft particle* being accelerated 
by thofe which immediately followed^ and the attraction of 
the foremoft particles would accelerate the motion of tlie 
hindmoft ; and that the acceleration pn>duced by one or 
both of thefe caufes« might be fuch as would neceftatily 
change the original motion ariiing from the impulfeofthe 
comet ; ^and a motion might refult fimilar to that which takes 
place in the , planets. The revolution of the primary planets 
on their axes, he accounts for from the obliquity of the ori- 
ginal ftroke imprefled by the comet f — ** It is therefore evi- 
^ dent (fays he) that the earth aiTumed its figure when in a 
. melted ftate ; and to purfuc our theory, it is natural to 
think, that, the earth, when itifliied from the fun, had no 
•* other form but that of a torrent of melted and inflamed 
** matter ; that, this torrent, by the mutual attradkion of its 
parts, took on a globular figure, which its diurnal motion 
. V changed into a fpbeJToid : that when the earth cooled, the 
< vapours which were expanded like the tail of a comet, 
gradually condenfed, and fell down in the form of water 
** upon the fur&ce, d^ofiting at tlie fame time a (limy fub- 
ftance mixed with (ulphur and falts ; part of which was 
' carried by the motion of the waters into tlie perpendicular 
filTures of the ftrata, and produced metals ; and the reft 
^ lemained bn the furface, and gave rife to the vegetable 
** inould which abounds in different places, the orgamxation 
^ o^w'hich is not obvious to our fenfes. 

Thu^ the interior parts of the globe were originally 
^ of vitrified nuitter. Above this vitrified matter 

were placed thofe bodies which the fire had reduced to 
the frnalleft particles, as fands, which are only portions 
•« df glafS l and' above thefe pumice-ftones andtlm fcoriae 
.^n^^dl^imittpr, which p^uced thc^fferent cbys* The 
^ covered with.water tO the depth of 500 or 600 

feetVyU^ Originadtd from the coadeniation of vagours 

■ - - - I - ... ..■J ■■■ - 

luoiW ccsijt£hue, fcaix^ 

t Th» U £ iHm disoty co aqcgtint for the diuriislffiofigii at die esrth 
aadethorphneu! . 

« when 
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** wh^ii tl)e ^arth began to cool* This water deported a 
** ftratum of mud, mixed with all thofe matters which are 
** capable of being fubliiAed or exhaled by fire : and the air 
** was formed of me moft fubtile vapours^ wliich, from their ^ 
** levity^ rofe above the water* 

** Such WHS the condition of the earth when the tideSt 
« the winds, and the heat of the fun began to introduce 
** changes on its furface* The diitmal mo^on of the earth, 
** and that of the tides, elevated the waters inf he equato* 
•%ial regions, and neceiTatily tranfportedtliither great quail- 
« tities of ilime, clay, and fand ) and by thus elevating 
“ thofe parts of the earth, they perhaps (unk thofc under 
the poles about two leagues, or a 230th part of the whole; 
** for the w'aters would ealily reduce into •power pumice- 
“ ftoncR, and other fpongy parts of the vitrified matter up- 
on the. furface, and by tliia means excavate fome places 
bnd elevate othe IS, vrhich in time, would produce iflaudt 
and continents, and all thofe inequalities on the furfacev^ 
^ which are more confiderabh towards the equator than to* 
^ wards the poles. 


5. Dr. Huttok’s Theoat* 

In the firft volume of the Edinburgh Philofophical Trasfl 
aftipos, Dr* Hutum has laid down a new theory oJtfhe 
earth, perhaps the moft elaborate and comprehenfive mt 
has hitherta appeared i to give a general abftraft of it 
woidd much exceed the bounds allotted to thiichapfer» 
whmfore all that can be done here is, to point out ibmo 
of the moft ftriking palTagefu ^ 

He fays, the general view of the terreftrial fyftem con* 
veys to our nfinda ^ &brie ere£ted in wifdopt thid that it 
was originally formed' by as an habitation for living 
•cerotuwi* . to tajtmg a compif^fiye view of the lueci^ 
nitm of the globe, ;iive observe three principal parts of wludb 
it is compbTed, and Which, ' by being pro]>etly ailMted 
to one aaotbier, habitable world , tljkete abe 

tbrlblid bpify of the earthy the . watws of tlitocej4i| and 
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the aimofphere (urroonding the vdiole. On thefe Dr. Hut- 
Ion obferves: 

I. The parts of the tenreftna! globe more immediately ex- 
pofed to our view are fupported by a central body com- 
monly fuppofed, but without any good reafon^ to be folid 
and inert. 

a- The aoueous parti reduced to a fpherical form bv 

E nvitationy nas become oblate by the earth^s centrifugal 
rce. Its ufe i$ to receive the riversy be a fountain of va- 

{ oursy and to afford life to innufnerable animals^ as well as to 
e the fource of growth and circulation to the organifed bo- 
dies of the earth. 

3 « The inregfular body of land, raifed above the level of 
the Xeay is by /ar tite moil interefting, as immediately ne- 
ceflkry to the fupport of animal bfe. 

^ The atmoipnere furrounding the whole is evidently ne- 
ceffary for innumerable purpofes of life and vegetation, nei- 
ther of which could fubfift a moment without it. 

Having thys oonfidered themechanifm of the globe, he 
proceeds to inveftigate the powers by which Jt is upheld : 
thefe are the gravitating and projeflile forces by which the 
planets are guided f the influence* of light and heat ; cold 
and condeniatioh : to which may fle added electricity and 
magneqfm.. 

Whh regard to the beginning of the world, though Dr. 
Hutton does hot ptetetid to lay afide the Mofaic accounts 
rfei^edbbig the ongih of man, yet'T>c endeavours to prove 
that the tnarine* animals art ot mutft higher antiquity than 
the hmhan race. 

** parts of the globe are in genertd, compofed df 

fftflveL argillaceous and catbareous ffrat^ or of^efb 
feme other fubftaoces. 

Sand X and £zid by ftreaxhs and currents a 

gravel is^jQ^medby the mutual attrition of Hones agitated 
ihwater^ pbd Mrly, or argfflaceous ftrata have bden oiid« 
le(Ete<3[ hy tbbfl^Wg iy uuter tn which thofe eak^ fubftaneei 


^ v ^ccorSiug^ lo hdolslt* iccoOiKf Iflf ffls tuSAffaie^acl- 

yilh Hire created the Hth day, sadbian the 

had 
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had floated. Thus, fo far as the earth is formed of the& 
materials, it would appear to have been the prodbdUoQ of 
water, wind, aud tides. 

I'he doctor’s next inquiry is into the onsrin qf our land, 
which he feems willing to derive entirely mm the exuvi% 
of marine animals*. After adducing fome arguments lu 
fupport of this opinion, the principal of whioi is drawn 
from the quantity of marine productions found in different 
parts of the earth, he lays, << The general amount of , our 
reaibuing is this ; that nine-tenths perbap$» or 90 hun- 
dredths, of this earth, fo far as we fee, have been formed 
** by natural operations of the globe, in coUefilng loob 
** materials and depofiting them at the bottom o( the fea, 
«« confolidating thefe cmkClions in variouj degree^ and 
** either elevating thufe confolidated maffei above the level 
on which they were formed, or lowering tlie level of that 
fca.»* 

With refped to the different flrata, he thin^ it qioff 
j^robable ;that they have been confolidated by heat aud fur 
lion ; and this hypothefis he imagines will lolve every dif^ 
Acuity rcfpeC\ing them; aud, as tVie queflion is of" t her 
greateft importance in natural liiftory, he dilcuffes it to a 
coiifiderable length. He confidcra metals of every fpecieS 
as the vapour of the mineral regions, condenfed oCcafioi^ally 
in the crevices of the land. • ^ ^ » 

His next confidemtion is the means by whieh tbh dt|S|^w 
rent ftrata have been elevated from the botioni' dP tW. 
ocean ; (for he looks upon it as an indubitable thK 

lugheft points of our land have been for ages At tHer Mttdl^ 
of^the^eac ;) aud oofidudcs, tlmt the land on 
dvrteQ bas'been elevated from a lower Ctuatioh by tlie &rae‘ 
agent which has been employed hi confofidafing fftata,'^ 
in jgiidng them liability^ and ^preparing thmn m 'the pdff 

■ .. f n . 

* syi^rAnea of nroM^ky, the nwrine 

have hecii cheated* maiij ccutitiie^ bvfjre ^tlier. th* dry tii»d tue 
anhrtIfe'wiT rreitM) yet? scemtHn^-terthe liftlftte sceh w sf *the; 
t ion, ths 4 ry kfld a jjpe^odon^ tidrd day !' » ' • -'****' 
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S ofc of the world. This Hgent is matter, a&uated 
y exti^me heut. and expanded wiih amazing, force. 

The dodtor'iniagincs tne world to be eternSj and en^d 
With a renovating power $ for he fays : When the fonl^ 
*• land of this glofe had been complete, fo as to begin to 
*• wafte and be impaired by the encroachment of the feu, 
•• the prrfent land began to appear above the furface of the 
ocean. In this mariner we luppofc a due proportion of 
land and water to be always preferved upon tlie furface 
of the globe for the purpofe of a habitable world, fuch 
as we poffefs/* After endeavouring to prove a fuccef- 
Con of worlds in the fyilem of nature, he concludes his 
difTerttition in thefe words ; ** The refull, therefore, of our 
prefent inquiry is, that we find no vellige of a beginning, 
•• no profpeft ‘Of an end.^^ 


6. Mr« Whitchi7RsY*8 theory. 


Mr. Whitehurft firft proceeds to Ihew, that all fluid, bo- 
dies, whi^h do not revolve about,^ their axes, aflame fpheiical 
fionnR> from the mutual attraction of their component parts \ 
and thence infers that all bodies, naturally fplierrcal, have 
been originailyirin a ftate of fluidity. Again, as it is a known 
principle in the laws of motion that^ if any fluid body turn 
am its axis, it will, by the centrifugal force, depart irotn a 
'jfpherical form, and ^ume that of an oblate fpheroid ; and 
as the earth is known to be fuch a figure, agreeing wiw the 
laws levity, fluidity, and centri^gal. force, he fuppofes 
that the earth was oripnalty a Aui^ compofed of chaotic, 
Iwterogeneous matter, whtOn acquired its preknt form by 


ihoihefit of its firil^iilence to the prefent era. 
Thtlhtfterogeneous mafs, being totally unfit 


tbifiied ao wbitaple ^orid. As lodn as the a)mponent 
parts of the ehib$l>€^aine quiefeent, fimilar particles began 
to unite and eompofe bodies of various deiioininations, 

< « the 
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the particles of atr united with thoie of aift thofe of water 
with water» and thofe of earth with ear^. Bodies of 
gfeateft denfitv began their approach towards t^^entre of 
levity, and tliofe of the greateft levity aficeuaed towards 
the furface. Thus, apparently, comiDeaced the fipara* 
tion of the chaos into air, water, earth, and other lele6l 
bodies. As the earth confolidated snore and mote toward^ 
its centre, its furface became gradually covered with wa« 
ter, until the fea prevailed umver/alfy over the whole earth. 
At this time the marine animals were created, and multi* 
plied fo exceedingly, as to replenifii the ocean fiom pole to 
pole. 

The fun and the moon were coeval with the creatioa of the 
earth, and, as the atmofphere was progreflively freed from 
heterogeneous fubftances, light and heat gsaduallyincrOafed 
until the fun became vifibk in the iicmment, and fhom; 
with Its full luftre and brightnefs. 

The attradive influence of the fun and moon, interfering; 
with the regular and uniform fubfidW of the foUds of the 
earth, cau^ the fea to he unequauy deep, and, confer 
gently the dry land to appear. Hence the primitive 
Ulands were gradually formed by the flux and refi^X‘ofthu 
tides, and in procefs of time, became firm^md dry, fit for 
the reception of tlie animal and vegetable kingdoms. The 
ocean being plentifully flocked with inliabitants, previous 
to the appcfarance of dry land, many of theie animals. be«r 
came daily enveloped and buned in the mud, in all Wts 
of the fea from pule to pole, by the daily aftioa Ot tue 
tides. 

As the central parts of the earth began to conlolidate 
lore the fuperficial parts thereof, the former became ignited 
before the latter. As the fubterraoeous gradoafiy in*, 
creafed, its exp^five force likewilie increafed^ it becpq|t./ 
fuperior to the incumbent weight, and di^endfed the ftiata^ 
like a bladder forcibly blown : ahd ns the fiibterrasleous 
fire operated univerially in the fame ftratum, and whh tjm 
fame dsgree of force, it appears moft probable d^ 

hige, or Noah^s flood, prevafled luuvei^y over t^e tfv'hole 

esirth. , - . * 
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Pdttl. 


, ^xWnfiye force fire ftiQ in^retfing^ 

It ^eaixfe lu{)Crior to the incondbent weight xod cohefion of 
toe ffrata^which were then burft^ and opened a coitiiniiiii> 
tati^ bet^d^een the'two oceans of melted matter and winter ; 

difihrent ekments coming in conia^t^thelattet 
bec^e inftantly cotrtClted into ftCamy and pxt^uced an 
^plofi on infinitely beyond all human conception. The 
timraqneoiis fflobe being thus burft into xnfllions of fmg- 
ftrata were broken^ and thrown into e?ery pof^ 
nble ddgtee ofconfiifion and diferder j hence tbcffc mighty 
hminences the Alps, the Andesy ‘the Pjreneariy ana ul 
other chains of mountmnSy were brought from beneath the 
d«p { ‘forthe earth, in its primitive fate was peifo^y le-^ 
Veli» 

ifoflce the fifd retired from thofe vaft trafa of land the 
contmetttSy into thecaterns, became fathomlefs, and tnvi* 
joijcd with craggy rocks, cliffs, and impendinfr (hores, and 
m Bottom fpreaa over with m^ntains and vaueys/ like the 
fend. ^ . 

Aa raOujitaini and continents wre not primary prodoN 
tionsof nature, bat produced at the time of the deluge, ^ 
foclemracies of the feafons were totally unknovm in the aft* 
tedilttvmnfatetlf nature ; an uiufbrm tempetature tinivcK 
wy prevailed in the atmofpbete ; it waa not fobjeft ‘CO 
ftorms and tempefts, and, confequentlyy not to rain f and 
as there was no rain, molt certainly the^^ was no rainbow. 

On account of the fmall elevation^ qf the primitive ifiands^ 
and the inferiority of their fnperficies to that of continentSy 
rile furface of the fca, and the quantity of aqueous parti* 
Wseahaled, wetepropordonablygresEter. The atmol^re 
^MHrdras plentifuBy faturated witVbumidity, whkh 

of the fun, 


■ tfc. JfleMi* tee ^ w^iea to *• 

litih etete H4^niiU>D’t ttedn; hAn^m 

cifai3SsSS3:s«3£gt* 


Chat- 


( .11^ ) 


Qukrtitt tSL. 

Of iie Win^t W ffutthattes. 

T he earth kfurromded lay of nuiltei^ 

called the atmofpherc.; tl^fl n^attfr jmntaM to* 
wards the eartltf revolves wkh it in iU dtunwT motjetHi and 
goes roundthe fun with it every year# Wsrrit neS^ibr the 
atmofphere^ which abounds with ]^idles capable off«« 
iteding light in all difcAionst only uoA part of the bemat^ 
would appear bright in which the fun was placed and 
the ftnia and planets would be vifible at infd«day ; )lSii» 
by means of an atmofphere, we enjoy the fitn^i li^t ^le* 
deAed from the aerial parttdeacontatned iiwthe atmofphere) 
for fome time before he riles and after he feta f Swp on the 
sift of June at London# the ArvARser day is 9m. 14. 
fec« longer than the aftronomical day TUs tnvifiUle daid 

extends to an unknown hri^^t # but if* as aftmnomers ge* 
Bierally eftimate* the fun begins to eadighteirthe almo&li^re 
HI the morning when he comes within !8^ degrees of the ho* 
riaon of any plaeej and ceafes to enbgUlen i% rvheii he » 

r ii depreued more than i8 degrees belo|[ the horizon in 
evening* the height of tlie atmofphere may aafily be 
cilciilatedxo be near 50 tniles Ij. Notwithftauding thisgpai 

Imght 


* Pr.KeiU, Led. XX. 

f M. 4e Smirnire, when ini the tpp of Moot Bkac, which p ekvsted 
tsoiyanh shove the levd of ^ fee, end whew confbjwmV tlw atiiW^ 
Sphere muft be more rare tfitm core, feye, ihstthe nwon <lMwe 
hrh^eft ipteodour in the widft iSTs Iky sa Hade st ebmiy^ Whjb Jnpn^ 
med Kce the ftm, roft ftom bdiind wiMMlIidaiin «e eoft. 

t <eeKeich^l>hmesSdNif»^^ ^ ^ 

9 r A « 9 r Am £» sM iM 

MHnOtf ^ mi k k» .***i*'f**!? "'*!l * r---r — 

th* few ol ■»!«> 
r * 
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bright of the fttmofpherei it it feldom fufficiently denfe at 
two miles high to bear upthe clouds $ it becomes more thin 
and me the higher we alceud. This fluid body is ex- 
tremely light* being at a mean denfity^ 816 times lighter 
than water * ; it is ukewife very elaftic, as the leaft motion 
excited in it is propa^ted to a great diftance : it is invi- 
fible* for we are only £rafible of its exiftence from the effects 
it produces. It is capable of being comprefTed into a much 
leit Apace than what it naturally poiTriTcSy though it cannot 
be congealed or fixed as other fluids may ; for no degree 
of cold has ever been able to deftioy its fluidity. It is of 
dififerentdenfity in every part upwards from the earth’s fur- 
filcOf decreafing in its weight the higher it rifes* and emu 
fequently ipnarifo decreafe in deufity. The weight or 
pr^ure of the a^mofphere upon any portion of the earth’s 
Itu-face is equal to the wright of a column of mercury which 
wlU opver the {kme furfacet and whofe height is from a8 to 
5< ; this is proved by experiment on the barometer^ 

which idiiom exceeds the limits above^xnenUoned. Now, 
if wc dlimate the diaineter of the earth at 7964 f miles, 

thi^ 


aiisle S r A. In the right singled triangle O A r, the angle O r A=r 
flf'V AOi:i 39 ^* milef, the eadnis of die earth. HentCi by triguno* 
metrj, 

Ai fine of O r A, 8x* - 9'9946i99 

h to A 0,398s • - 3.600x0x3 

So IS radius, liac of 90^ ^ xo. 


ToOr,403».^ - . ,40^4 

]|l)(iv. j£ from O rS403k.6.^« be token OV s: QA =3984, dw 
raHiMer V r = 49.6 nutei it the height «f the umeldiere. 

4 Xtr.jlhempiMi’i Chemifti,, vuLni. p. *51. 

■ ■ffoeetpi ot^ the eu^ 19 inchet wiUbe 304599040; eMtih. 
tfemeierjnth the eWphere 404399099 the diAmiue hetweeo 

the eoheejf »ubi{M hr •4*36 gim a3J974»9t40|*e 

. 3 t> 9 Mit» 4 >^lwi^e«iiitheet»i 4 Ukm Hmr. if lyag v l S 
«-eigb 13500 onatern ^ed by Xhr.lhoinlhD, ptge 354, voLifi. e( hk 
eheiuntry, the«^*it theetUM^eik be det^uwL U 

thehutre of the 4 |Ngiei« 504^40 be muhi^ad h, 3.'g4i6 dw no. 
dua 9OI give th. fofMdm or the eenb, =30001^.0. ,e. 

turn* i»che. , end tC^e.vcid^ of the 

iop^ 
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tlie m^fi lieight of the barometer at 29} iochecy and a cit* 
bio foot of ixiercurf to weight 13500 ounces avohdopoisf the 
whole weight of the atcnofphere will be 11522211494204 
^73080 lbs. avoirdupoisy and its preflare upon »a fquare 
inch or the earth’s furfaoe 144 lbs. 

The atmofphere is tlie common receptacle of aB the ef.' 
fluvia or vapours arifing from different oodieSy vfo, of die 
fleam or fmoke of things melted or burnt \ of the fogs or 
vapours proceeding from dampy watery places $ of fleams 
anflng from the perfoiration of whatever ct^oys animal or 
vegetable lifoy and of their putrefcence when deprived of it ; 
alio of the effluvia proce^ing from fulphureousy aitroiis» 
acidy and alkaline bodiesy dec. which afcend to jmaleror 
lefs heights according to their fpecific gravity. Hence Che 
difficulty of determining the true eoikipofitjon of the atmo* 
fyhere. Chemical writers*, however have endeavoured to 
ihewy that it confifts of three diflinft ehftic fluids^ 

united together by chemical affinity ; namelyy air, vapour 
or watery and carbonic acid gas 4, differing in their pro* 
portions at different times and in afSerent places | but the 
average proportion of eachy fuppofing the whole atm^here 
to be divided into lOO equal parts, it given by Dr. Twm* 
fon as follows : 

984 air, 

4 vapour, or water, 

1 carbonic acid, 

100 

Hence it appem, that the foreigd bodies which are 
alined or united with the air in the auaofphere, are fo mi* 


aq^sifoissf the quodenc wffl be i44lbsNiSt^f.*1bs. the prefllire of the 
StfeeTfeiere en ijvbry 1 bu«te Inch ef the dMl' Ihffsce. Ilie prcfliire ef 
thfslnin^ihemonaihsmUMbef bv tt^ 

pmHMHi made with the sir puinpy ? cehioni ef amctaj 

1idiQflln^heneiiiib%uarey 4 

a IhkThohilha'sChendfty^ 

f ^fhatitliiaMiilcdty diemHbto iffl psnnsiteiithr s^sftic dbidi^ 
eiqa.cenii^^t fiawefto 

iki sr saddefttoja 

. flute 
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flute vAma -eoMired with xt^ tbat they hate 

huirev^ mfible influeinotf'^od \u general pn^peitiea $ <wlieie- 
ibf e^ m defcnbitig the mediauieal prupenies of the aiTr in 
the fttcceediug pstti of this ehajMer , ny alteiftion it pi^ to 
Itt component parts in a chemieu point of ^iear t arhciie- 
eteirtheword ear occun/ common or atmofpheric air * ia 
tfMrays nWan^. 

A«r is ho^€m}y the fuppert of animal and v^table 
but it^ie'the eeMctr offound $ and thia arifes from ittelafti* 
Sitv : for a body being ilruck aihiatet^ and communicatee 
a xremitlout motion to the dr $ this mctioo a&e upon the 
iSantiliginous ^rtfam of the ear, whom there are feverai iwdl 
Contrived eminences and concavities te convey it into the 
^itory ptdQ&ge/ vvhere it ftrikes on the membrana tympanic 
hr*dttim of the ear, and prodifees the fenfe of hearing. 

IWm the^dnid ftate of tht atmofphere, its great fuhtiky 
and^ekftictty, le hi fiifceptible of Uie finalkfl motion that 
Caff be effctted: in it : hence it is fidbjeft te the difturbiag 
forces of the moon^add Che Am | and tides vill be getieiatad 
in t^ie ^i faaiO f jihe r e fitnihr w the tides in the ocean. By the 
contiifoal mdckm of the air, nOxious vapowa, which ^rt de* 
Itrfffti veto health, are in feme mearnre difperfed | fo that 
the air, fike the fea, it kept from putrefaction by windtaad 

ti^ 

Air may be vitiated;* by fcmsmraig ciofely pent up in any 
place for a confidcrable lei^hof time | and, when it has 
loft its viviMng fpirit, it is called damp or fined air, not 
only bccaule it is filM widi humid or'^fiieiifl; vapours, but 
becaufe it deadens fire, extinguifhes flame, and de^ys Ufii.. 
^*^*Ifpart of the viri f y i B g ^irit''of oilr^ in any 
|iCginto"putr^,tlie inhabSaiiltsoitliit eomitrp wi& bemifr 
jCm ^ ^ epioaoucaldifrale, which will continixe until the 
iswver ; and aajtim fudrSyiiig f|^ ocoditins 


• Dr. TtloiSiifi 

mtdMeritssriK^ 
two pirts out ef a 
<ifsseticaju(vhiij 
mnshnote^fiidh 
n puts out of a 
Jkr vital aiscempdl 




iBcoBom iwcffn* 

r4tMr|iMivlb4lwl 
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fhh ifthte dtliwifcd‘i»dy caiWrt B iH* tchwBdnhd 

{sutrffyfaiff ai^keftit} tlMb^dK wHtittM'driijr be 
AeteSt^ btft peftflenriMnA e ft<IS »| ^ww> • ' « 

'The aireriU opoii the oifdlflRiiiii^ e*jthaitf 

fttCe, tritbottt paffine^duotighihen or enteriiwiMo diem j 
fi thttihe foftidtheatee fhfm due pr efl ind mueiit hiferk 
ing any change in their figure, and'the moft hritde hudiee 
bear It without heinghtoiKB. Tfaui the 
mofphmre prefiM upotf dw fatftoe ef entter,- Imd fcrdee H 
up into die ben*el df a iwin^. 4 t keeps uteroury 

fuQiendedat ludt a heigni dnt kt weight k e 4 |iHl tO' tM 
hteffure, and yet k never fereeaklUf thmtt^ the met^tury 
ralo tfie vacuum above. ' > 


Another proper^ ef the nir tv, tbatit » expmded by 
heat, and eondrafedor oemvaAed-by eoM^ henof the fire 
mteAphig and attenotiftg'dte airin n» eddntawa^ eaUfee it 
aicend theiwindi,i»1iifethe airiBt|ieUaolli,hy thepief* 
hire df the UtMO^hei^ ie''foreed[ to fi^ply the vaoeneyt 
and mfitev kite tins ebinmey bra eoaflaut^Mieht, bearing 
die fmofce into the k^^ter tegionsef ttmatmeTphem In 
laree chieis in thdwhrter^ wbUh thereavemadyfinH, deoplr, 
and animdir the ahr ia cOnfidetably more earem uum 
mdtea^inhigeouatiy } fisr which nation, conttnoal cur* 
rents of eolderair raft mat all the exterior ftieett, bearing np 
the rarefied and coatamiaaledwir efc bvethe tops of the non* 
fet aadthehwheft buOdhw&vuidfBnfdyingthm dace with 


tdr of « meremhibiioiis qualky* ‘Iheimiilemeniive winds 
6*na their origb to the heat of the fun » this heat ading 
apdh ibme partwftheaireluifiwit to etqMidd, and become 
BAterf and donfiequendy tt mdfc afoeM^V vM^ the air 
whielt it hkmu -‘dekfe h»d kthfy» wfil pivA 
fbmnimtdvvarAthetiaee wimnt kknijatiwlf Upon^hk 
wI Mh i e t we,taat«(m7WeeotuifcfiMr thedn^windh wl^ 
blow eonAanib'limn' enft to weft about ,liw equator I Sat 
trfm* dm finKftdaair 'p atpe wdi cahHty ton aay part of the 
mWh, irwflfthaat andca^ the airin^hat pa^ and cmiik 
tt to (tjcta ft t.y bife'the amcei^air wiBrufli in toiiipply ita 

a ftrepm or ca»aiit.of «r 
that wlucb»tlMU»^ 

lythefti^ Bn ntpt.ftii»>ntft«iiQ>tft to t b o -tm thi liHwaa 

«» fiOMI 
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from eaft to weft, the common courfe of the air will be from 
eaft to weft ; and therefore at or near the equator, where the 
mean heat of the earth is the greateft, the wind will blow 
continually fotim the eaft ; but on the north fide of the. equa- 
tor, it will decline a little to the north ; and, on the fouth 
iide of the equator it.will decline to the fouth. If the earth 
were covered water, the motion of the wind would fol- 
low the apparent motion of the fun, in the fame manner as 
the motfon of the water would follow the motion of the 
moon ; but, as the regular courfe of the tides is changed by 
the obftrudion of continents, iDands, fo the regular 
courfe of the winds is changed by high mountains, by the 
declination of the fun towards the north and fouth, by 
burning fands urhicli retain the folar heat to an incredible 
degree, by the failing of great quantities of rain, which 
caufes a fudden condenfation or contraction of the air, by 
exhalations that rife out of the earth at certain times and 
places, and from various other caufes. Thus, according to 
X)r. Halle V, between the 3d and 10 th degree of fouth lati- 
tude, the louth-eaft trade-wind continues from April to Oc- 
tober ; during the reft of the year the wind blows from the 
north-weft ; but between Sumatra and New Holland this 
moiifoon blows from the fouth during our fummer months ; 
it changes about the end of September, and continues in 
the oppofite direClion till ApriU 

Over the whole of the Indian ocean, to the northward of 
the third degree of fouth latitude, the north*eaft trade-wind 
blows from Ofiober to April, and a fouth-weft wind from 
April to October*. From Bqmeo, along, the co.aft of Ma- 
lacca, and as far as China, thip ihonibon in our fummer 
blows nearly from the fouth, and in winter from the north 
by eaft. Near the coaft of Africa, between Mozambique 
and Cape Guardafui, the winds are irregular during the 
whole year, awing to the diffei*ent monl^ns which fur- 
round that particular place. Monfoona are Jikewlfe regular 


* The ftiidene will find theft winds reprefeuted on Adsim* globes and 
ibme ethers, by arrou's having the barbed points flying in the (foettion of 
the wind at if fhot abow r end, where the winds are variable, thefe 
arrows feem to be fiyinj in aft diredVions. 
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in the Red Sea ; between April and Oftober they blow 
from the north-iveft^ and during the other months from the 
fouth-cafty keepii^ conftantly parallel to the Arabian coalll^* 

On the coaft pt Brazil^' between Cape St. Aiiguftine and 
the ifland of St.' Catherine, from September to April the 
\uiid blows from the eaft or north-eail ; and from April to 
S(^ptember it blows from the fouth-weli ; fo that mOufoons 
arc not ah ogether confined to the Indian Ocean. 

On the coaft of Africa, from Cape Bajador, pppofite the 
Canary Iflands, to Cape Verd, the winds are generally 
north-weft ; and from hence to the ifland of St. Thomas, 
near the equator, they blow almoft pei^ndicular to the 
Ihore. 

In all maritime countries of any confidcrable extent, be- 
‘tween the tropics, the wind blows during •a certain number 
of hours from the fea, and during a certain number tounrds. 
the land ; thefe winds are called lea and land breezes. Du- 
ring the day, the air above the land 19 hotter and more 
rare than that above the fea 5 the fea air therefore flows 
in upon the land and fupplie^ the place of the rarefied air, 
which is made to float higher in the atmosphere ; as the fun 
defeends, the rarefa6lion of the land air is diminiftied, and 
an equilibrium is reftored. As the night approaches, the 
denfer air of tlie hills and mountains (for where there are 
no hills, there are no fea and land breezes), falls down upon 
the plains, ^nd preifing upon the air of the fea, which has 
now Income comparatively lighter than the land air^ caufes 
the land breeze. 

The Cape of Good Hope is famous for its tempefts, and 
the Angular cloud which produces them : this cloud appears 
at firft only like a fmAll round fpot In the fley, called by the 
failOrs the Ox’s Eye, and which probably appears fo mi- 
nute from its exceedingly great height. 

In Natolta, ,a fmall cloud is often feen, rcfembling that 
at the Cape cf Good Hope, and from this cloud a tertfiile 
wind f iiTues, which produces fimilar cfefts. In the fea 


• Bruce'e Travels, vol. 1. riiap. 4. 

f ThU wind Teems to l>e deferihed hy Sc. Paul » the 27^^ chapter of 
fhe .Vtr,* hy the Hams of Euroclydom 

^ between 
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between Africa and America, efpecially at the equator and 
in the neighbouring parts, tempefta of this kind very often 
l^rife, and are generally announced by ftnall black clouds. 
The iirft blaft which proceeds from thefe clouds is furious, 
and would iink (hips in the open fea, if the failors did not take 
the precaution to furl their fails. Thefe tempefts feem t(' 
arife from a fudden rarefaction of the air, which produces a 
kind of vacuum, and the cold denfe air ruftiiiig in to fupply 
the place. 

Hurricanes, which arife fiom iimilar caufes, have a 
whirling motion which notliing can refill. A calm gene- 
rally precedes thefe horrible tempclls, and the fea tlien ap- 
pears like a piece of glafb ; but, in an inftant, the fury of 
the winds raiies the waves to an enormous height. Wlien 
from a fudden larefaftion, or any other caufe, contrary 
currents of air meet in the fame point, a whirlwind is 
produced. 

The force of the wind upon a fquare foot of furface is 
nearly as the fquare of the velocity ; that is, if on a fquare 
board of one foot in furface, expofed to a wind, tlicre be a 
prclTure of one pound, another wind, with double the ve* 
locity, wall prefs the board with a force of fourjpounds, See. 
The following table, extrafied from the rhilofophical 
TranfaAidns, (hews the veWity and prefiiire of the wuiids, 
according to ir different app^lations. 


Vtlocrty 



Ch.ip. X. 


eP VAPOUHS) FOGS, CLOUDSi BiC. 




Velocity of the wind, 



Common appellations of 
the 1^'iods. 


Hardly perceptible. 

uit perceptible* 

Gentle pleafant wind. 

Pleafaiit brillc gale. 

Very brilk. 

High winds. 

Very High. 

A ftoirm or tempeft. 
A ffiieat ftorm* 


Chapter X. . 

Of Vapours^ and MiBsf CiouJs, De^t and Hoar-Fraji^ 
Rain^ Bnanii and Hail^ Thunder and Lightnings Falling 
Stars I Ignis Fatuusi Aurora Borealis^ and the Rainbow^ 

1. X ^ APOURS arecompofedof aqueousor watery parti* 
\ ckSf feparated from, the forface of the water, or 
tnoift earth, by tlie a^on 6f the fun's heat ; whereby they 
’arr fo Tare6ed, attemiatedt and feparated from each other, 

ni 
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as to become fpecifically lighter than the air* and confc- 
quently they rite and float in the atmofphere. • 

2. Fogs and mists. Fogs are a colle^lion of vapours 
which chiefly rife fn>m fenny, moift places, and become 
more vifible as the light of the day decreafes. If thefe va- 
pours be not diiperfcd, but unite with thofe that rife from 
water, as rivers, lakes^ 5cc. fo as to fill the air in general^ 
they are called inilis« 

3. Clouds are generally fuppofrd to confifl of vapours 
exhaled from the fea and land Thefe vapours afceiid till 
they are of the fame fpecific gravity as the furrounding air 
here they coalefco, and by their union become more denfe 
and w'eighty. Tlie more thin and rare the clouds are, the 
higher they foar, but their height feldom, if ever, exceeds 
two miles. TKe generality of clouds are fufpended at the 
height of about a mile ; fomeiimes, when the clouds are 
highly electrified, their height h not above feveu or eight 
hundred yards. The wonderful variety in the colours of the 
clouds, is owing to their particular fituation to the fun^ and 
tha different reflexions of his light. The various figure 
of the clouds probably proceeds from their loofe and vo- 
luble texture, revolving in any form according to the dif- 
ferent force of the winds, or from the electricity contained in 
them. 

4. Dew. When the earth has been heated in the 4sy* 
time by the fun, it will retain that heat for fome time after 


* Dr. Thomfon, in voL iiL of his chemillry, page 321, &c. lays, it 
is remaikable that, though the greateft quantity or vapours exifts in the 
lower Arata of the atmofphere, clouds never begin to fnm there, but ab 
ways at fome conflderahle height. 1 he heat of the clouds is fometimes 
greater than that of the fuirounding air. 1 he formation of clouds and 
rain is neither owing to the faturation of the atmoiphere, not the dimi- 
nution of heat, nor the mixture of airs of different temperatures. Eva- 
poration often g,oes on for a month together in hoi weather, efpeaaUy in 
the torrid zone, without any rain. '1 he water can neither remain in the 
atmofphere, nor pafs through it, in a ftate of vapour t What then be- 
comes of the vapour after h enters the atmofphere? What makes it lay 
afide tlic new form which it iiraii have afliimcd, and letum again to its 
ftate of vapour, <*ind fall down in rain f 1'ill thefe queftions are experb 
mentally anfwcred, Dr. Thomfon concludes that the formation of clouds 
rain cannot be accurately accounted for. 

the 
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the fun has fet. The air being a lefs denfe, or lefs compact 
fubftance, will retain the heat for a lefs time : fo that in the 
evening the furface of the earth will be warmer than the air 
about It, and coiifequently the vapours will continue to rife 
from the earth ; but, as thefe vapours come immediately 
into a cool air, they will only rife to a fmall height ; as the 
rarefied air in which they began to rife becomes condenfed. 
tlie fmall particles of vapours w'ill be brought nearer toge- 
ther, When many of thefe particles are united, they form 
dew ; and, if this dew freeze, it will produce hoar-froft. 

5. Rain. When the weight of the air is diminiflied, its 
denfity will likewife be diminilhed, and confequcntly the 
vapours that float in it will be lefs refiiled, and begin to fall, 
and, as they ftrike one upon another in falling, they will 
unite and form fmall drops. But when the fmall drops of 
which a cloud confifted, are united into fiich large drops 
that no part of the atiBofphere ts fufficiently denfe to pro* 
duce a refiftance able to fupport them, they will then fall to 
the earth, and conilitute what wc call rain. Jf thefe drops 
be formed in the higher regions of the atmofphere, many 
of them will be united before they come to the ground, and 
the drops of rain will be very large *. The drops of rain 
increafe fo much both in bulk and motion, during their de- 
feent, that a bowl placed on the ground would receive, in 
a fhower of rain, almoft twice the quantity of water that a 
iimilarbowl would receive on a neighbouring l^igh fteeple f . 
The mean annual quantity of rain is greateit at the eqilator, 
and decreafes gradually as we approach the poles. Thus, 
at 

Latittuls. Depth of rain. 

X Grenada, Weft Indies, la® o' * 126 inches, 

^t. Domingo, Cape St. FFan9ois, 19^ 4^' 120. 


• Df. RuthejHrord*s Natunl Philofophy, vol i’i. chap. to. ^ Sigoior 
Beccaris., whoTe obCervationg on the general ftate ( f electricity in the atr 
mofphere Iwve heen very accurate and extenlive, alcribes the caufe of rain, 
hail, fnow, &c. &c. to the effect cf a moderate electricity in the atmo- 
Ifbere. 

t Mr. Adam Walker’s Familiar Philofophy, liR. v. page 
I Dr. 'Thoinfoa*a Chemiftry, vol iii. page 324, 

CaL 
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Latitude. Depth of raim 

Calcutta • - - 22° 23' 81 inehes. 

In England - ... 53® o' 32 

Peterfburg" - - - 5^° 16' 16 

On the contrary, the number of rainy days is finalleft at 
the equator, and increafes in proportion to the dillance from 
it. The number of rainy days is often greater in winter 
tlian in fummer ; but the quantity of rain is greater in fum- 
mer than in winter. More rain falls in mountainous couud* 
tries than in plains. 'Among the Andes it is faid to rain al- 
moft perpetually, wliiic in the |)Iains of Peru and in Egypt* 
it hardly ever rains at all. The mean annual quantity of 
rain for the whole globe is eftimated by Dr. Thomfon at 
3A inches in depth ; hence may be found the whole quantity 
ox rain that fallR in a year upon the whole furface of the 
earth and fea, in the fame manner as the number of cubic 
inches were found in the atmofohere, in chapter IX. of this 
work. The fame author oblervcs that, for every fquare 
inch of the earth’s furface, about 41 cubic inches of water 
is annually evaporated : fo that the average quantity of rain 
is confidcrably Icfs than the average quantity of whaler eva- 
porated. 

6. Snow and hail. Snow confifts of fuch vapours as 
are frozen while the particles are fmall ; for, if thefe flick 
t^cther after they are frozen, the mafsthat is formed out 
ofthem will be of a loofe texture, and form little flakes or 
fleeces, of a white fubflance, fomewhat heavier than the air, 
and therefore will defeend in a flow and gentle manner 
through it. Hail, w hich is a more compact inafs of frozen 
water, conflfts of fuch vapours as are united into drops, and 
ait frozen w'hiic they are falling *. 

7. Thunder and Lightning. It has been already 
obferved, that the atmofpherc is the common receptacle of 
alt the efBuvia, or vapours, riflng from different bodies. 
Now, when tfac effluvia of fulplnixeous and nitrous bodies f 

* Rttlherftjrd'sPhilofoplLy, val ii. chap so. 

4 Gunpowder, the effects of which is fimiliir to thunder and lighttung, 
is compoled of ijx parts of nitre, one pm of I’u^huv, and one part, of 
charcoal. 


meet 
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meet each otlicr in the air, there will be a ftrang con6iA, 
or fermentation, between them, which will fometimes be fo 
great as to produce fire Then, if the effluvia be combuf- 
tible, the fire will 11111 from one part to another, juft as the 
inflammable matter happens to lie. If t he inflammable matter 
be thin and light, it will rife to the upper part of the 
atmo^here, where it will flafli without doing any harm ; 
but if it be denfe, it will lie near the furface of the earth, 
where, taking fire, it will explode with a furpriiing force, 
and by its heat, rarefy and drive away , the air, kill %ncn 
and cattle, fplit trees, walls, rocks, &c. and be accompa* 
iiied with terrible claps of thunder. The effedls of thunder 
and lightning are owing to the fudden and violent agitation 
the air is put into, together with the force of the explofion. 
Stones and bricks ftruck by lightning, aref often found in 
a vitrifled ftate. Signior Beccana fuppofes that fome ftoncs 
in the earth, having been ftruck in this manner, gave rife to 
the vulgar opinion of the thunder-bolt. It is now gene- 
rally admitted that lightning and the elc£trical fluid w the 
fame f* 

8 . The falling Stars, and other fiery meteors, 
which are frequently feen at a confiderable height in the 
atmofphcre, and which have received different names ac- 
cording to the variety of* their figure and fize, arife from the 
fermentation, of the effluvia of acid and alkaline bodies, 
which float in^the atmofphcre. When the more fubtile parts 
01 the effluvia are burnt away, tlic vifeous and earthy {mrts 
become too heavy for the air to fupport, and by their gra- 
vity fi|ll to the earth. 

» - 

• Profeflbr Winkler’s Philofophy 

f Signior Bcccam, of Turin, obierves that the atmofphcre abounds 
with electricity ; and if a cloud which is pofitu'ely charged (viz, which 
more than its natural Ainre of eledirical fluid) pafs near another cloud 
which is negatively charged (viz. which has Icfs than it*: tiariiial (hare of 
•le^rical fluid) they will attract each other, and a quick deprivation of 
the electrical fluid will take place : the flifh is called lightning, the report 
thunder, (the enfuing rolling arc only cchot>s from dillant clouds) ; the 
water, thus deprived of its ufual fuppurt, f.dl 5 down in impetuous tor < 
renter 

9. Of 
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9. Of the Ignis Fatuus, commonly called IVUl- 
nvith-a' Wifpf or Jack •with a Lantern* This meteor, like 
moft others, has not failed no attrad the attention of philo* 
fophical iiicmjrers. Sir Il'aac Newton, iii his Optical Que- 
ries, calls it a vapour (hining without heat. Various ac« 
counts of it maybe feenin the Philofophical Tranfaftions*. 
The moH probable opinion is, that it confifls of inflamma- 
ble air f , or oleaginous matter, emitted from a putrefa^liorii 
and decompoiition of vegetable fubdances, in marfliy 
groffnds ; which being kindled by feme eledtric fpark, or 
other caufe unknown to us, will continue to burn or refleA 
a kind of thin flame in tlie dark, without any fcniible degree 
of heat, till the matter which compofes the vapour is coh- 
fumed. I'his meteor never appears on elevated groundsy 
becaufe they do not fufficiently abound with moifture to 
produce the inflammable air, which is fuppofed to iflue from 
bogs and marfliy places. It is often obferved flying by the 
fides of liedgcs, or following the courfe of rivers 5 the rea- 
fon of wiiicn is obvious, for the current of air is greater in 
thefe places than elfewhere. Thefe meteors are very com- 
mon in Italy and in Spain. Dr. Shaw J has deferibed a 
remarkable ignis fatiius, wliich he favv in the Holy Land, 
when the atmofphere was fo uncommonly thick and hazy, 
that the dew on the horfes^ bridles was remarkably clammy 
and iini^uons. This meteor w^as fometimes globular, thcMi 
ill the form of the flame of a candle, prcferitly afterwards it 
fpread itfelf fo much as to involve the whole company in a 
pale harmlefs light, and then it ivould contract itlelf again, 
and fuddenly dilappear ; but, in lefs than a minute, it would 
become vifible as before, and running along from ope place 
to another wdth a fwift progreflive motion, would again ex- 
pand itfelf, and cover a confiderablc fpace of ground. 


* Mr. and fome othsrs fiippoTe it to be a coUe^ion cS^Uw^wotmt 
In'g together ; but Dr- Derham confuted this opinion, No. 41 1. * 
f Inflammable air may be made thus : cxhnult a receiver of the air- 
pump, let the air run into it through the flame of the oil of turpentine, 
then remove the cover of the receiver, and hold a lighted candle to the air, 
k Mill take tire, and burn quicker or flower according to the denfity df the 
oleaginous vapour. 

I Shaw's *1 ravcLi, page 363. 
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Or THE Aurora Borealis,' or Northerh 
Lichts. ‘ Tbere have been various opinions and conjee- 
tores receding the caufe and properties of thefe extraordi- 
nary phenomena * ; and tbe mofl: probable opinion is, that 
they arife from exhalations, and are produced by a cond)uf- 
tion of inflammable air, caufed by electricity^ This inflam* 
mable air is generated particularly between the tromes, by 
many natunu aerations, fuch as the putrefa£iion of anim^ 
and vegetable lubftances, volcanoes, flee. ; and being lighter 
than any other, afeends to the upper regions of the atmo* 
fphere, and, by the motion of toe earth, is urged towards 
the poles ; for it has been proved by expenn^eiits that, 
whatever is lighter, or fwims on a fluid which revolves bn an 
axis, is urged towards the extreme points of that axis 'j- : 
Hence, thefe inflammable particles continually accumulate 
at the poles, and by meeting with heterogeneous matter, 
take fire, and caufe thofe luminous appearances frequently 
feen towards the polar regions j:. 

In high latitudes the Aurbrx Boreales appear with the 
greateft luftre, and extend over the greater part of the he* 
nufphere, varying their colours from all the tints of ycl* 


* TPhilofophica! Tianfidbons, 305, 310, 310, 347, 348, J49, 
35X.’35^»i 3^31 365 , 368 , 37^1 38j, 395> 39^ 39Pi 40»p 4l<^ 4th 
431, and 433, &c. 

t See Mr. Kirwan^s account the Aurora Borealis, IriKhFlillTrifir- 
a£iions for 1788, page 76, &c. 

t We have very few accounts of 'the Aurora Aufirdis, or Southern 
Lights, owing perhaps to the want of obfervations io thofe remote ports of 
tbe globe, and a*proper channel of information. Caj^ain in hi? 
fecond voyage towards the fouth pole,fays4 “ (Febimary lyih, 1773), We 
obCerved a beauiifiA phenomenon in tne heavens, con&ftiiig of long co. 
Itiinns of clear white fight, (hooting up from the hcaVens to die tail ward, 
almoft to the senim, alid gradually fpreading over the whole (buihern pert 
of the'il^ Thoui^thefe eolumiit ware m moft refp^ts fimilar. to the 
Anrm Borealis, fi they feemed todiffier from them in being always oi* 
^ a whidfla colour. The (htm were fometimes hid by, wd fomctmies family 
to ‘be. iben through, the liihftance 'of thefe AuttSrife Auitrales. The 
fky wat geneisBy dear when thef appeared, and the air fliaro and 
cold, the thermometer ftindiiq; at thl treesing ^nt ; the (hip being in 
UtiLpde jR* fqtith.'* , 
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the mail obfcure ruffrt In the north-eaft parts of 
Hudfon’s Bay, &c. they are attended by a eonti* 
imfi hlE^g and cracking noife through the air, iimilar to 
tliiAt^]^duced'by iire works f . 

' 1j[t. Of the Kaikbow. llie rainbow is the moftbeAu- 
tilifll metfeor with which we are acquainted : it is never feen 
tet in rainy weather, where the illuminates the falling 
ndn, and when the fpe6tator turns his back to the fun; 
There are frequently two bows feen, the interior and exte« 
rior bow. The interior bow is the Mghteft, being formed 
^ by the rays of light falling on the farts of the drops 

of rain ; for a ray of light enterkig the upper part of a drop 
of rain will, by refraSion, be t&own upon the inner part 
of the fpherical furface of that drop, whence it will be re- 
Jfledied to the lower part of the drop, where undergoing a 
fecond refraction, it will be bent towards die eye of the 
fpedtator, hence the rays which fall upon the interior bow 
come to the eve after two refraAions and one refleAion, and 
the colours or this bow from the uffet ^rt are reJf orange^ 
yellonuy grecn^ bluCf inMgo^ and n>met. The exterior bow is 
fornied by the rays of light falling on the tower farts of the 
drops of faiu^j thefe rays, like the former, undergo two 
refraAiOns, vt%, one when they enter tlie drops, and ano* 
ther when they emerge from the drops to the eye ; but 
they laffer 'tUro or more refleAions in the interior furface of 
the drops ; hence the colours of thefe rays aro notfo flrong 
ahd well defined as thofe in the interior bow, and appear ia 
aa inverted order, vi*. from the under fart they are r«/, 

' otange^ yellow^ green^ hlue^ insUge^ and wouU To illufti^te 
this by experiment, fufpend a gla& globe filled with water 
in the fimT^ine, turn your back to tne fun, and view the 
at fuck a di^nce that the part of it the farthcA from 
uefeamay appear .of a full red colour, th^ will ^therays 
which coBEie from the globe to the eye make an angfe of 
^2 degrees with the fun’s direA rays ; and if the eye lemaiti 
in the fame pofition, and another perfon lowei* the glafs' 


* Dr Rees’ Nev <?^lop9edia, word Aurora Borealis.' 
Piiiiorophical Tranfanions, vol; kxlv. page 2281 
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globe gta4uall^» the oranges yellow, gtecn, ^c. colours, 
will appear in Tucceflions a&in the iptevior. how* Again, 
if the glafs globe be elevated, fp that the fide nearefl: to the 
fun may appear red, the rays which cottie fxpnk the globe 
lo^he eye will make an angle of about c6 degicej^ $ tl^en, 
if anot^r perfon gradual^ .raife the glaU globe,' whil|g the 
{peAatbr reipains in the lame pofition, the rays wiQ fuicc^t-^ 
fively change from red to orange, green, ^ ydlpw^ to.* as ju 
the exterior bow* Tbcfe obfervations being uiiderf^podt let 
dnt (Plate IV, Fiff. !•) reprefent a drpP^ of rain belong- 
ing to the interior bow, S a ray of light falling on ^the . 
upptr part of the drop at d ; inftead of the ray contiiuiing 
its di]:e61;ion towardsT, it will be refra6ted or bent towards 
ff, whence part of it (for fome willpafs throiigh the drop) 
will be reflected to making the angle of incidence aTn i 
equal to the angle of refle^on"^ nh % ihftead of continuing 
its dire,<^ion from t towards it will, by emerging out of 
the water Juto the air^ be again, refrafted to the eye at O. 
But^ as this ray of light confifts of a pepeU * of raja’s, 
fome of which are more refrangible f than others, the 
violet^ which is the inoft refrangible, will proceed' to- 
wards B| and the red, which ia the leait refrangible, will 
proceed towards O, Now, if the eye of the ^eiS^tor be 
placed tliat theny of ligbt falling u^n it has been ppee 
refleded^ and twice refraSe;d, fo that U e fliall ^ 
the folar ray S dy an angle S]m 0,of 42® a' he w^, % 
the red ray in ^ dire^ion O e m i and if the eye ben^d 
to B, fo that B e (hall make, with the folar ray S 

angle 


* . A pencil of reys is a portion of ligktofa conical fonn, dtverjring ot 
proceeditig from a pmsit s or. tending to a point, in which Calii the rays are 
raid to * 

f Refrsngibilky of the rays of light isthoir tendency to devintefrom 
their nstitral cour/e.^^ Thofe rays which deviate ^e moft from their lu- 
tursl eburfe, in paflihg out of one rn^ym '^O anjKher, are to b* 
the moft rqfrangtMe ; and diofe which deviate the .leaft frotn . dieir natural 
ccurfe' are the lead refrangible. Sir tlaac l^ewton, by experiment, ^und 
the red rays to be the leaft refrangible, and the violet rays the mpfl s and 
thoie rays whicli are the leaft refrangible are likewife the leaft reflexihle. 

^ The fine of incidence and refhi^Qn of the leaft refrangible rayi,. out 
uf water into air, is as 3. to 4, or as 8x to 108 ; and the moft re^wi- 
gihlc, as 81 to toy. Kmerfon’s Optics, p. 9ji.-»rhe fame author, at 
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angle BFSjof 40^ ly', the violet ray will beieen in the di« 
TeSion'B^F ; the red ray will appear the higheft^ the vio- 
let the lowellt and the relt in order, according to their' dif- 
ferent refrangibility, as in the interior how {Fig. 2. Plate 
/IV.^ ; for tne drop of water defeends from F to What 
liag been obferved of one drop of water, will he true in an 
infinite number of dre^s ; hence the interior how *k com- 
pofed of a circular arch, whofe breadth is F e, proportional 
to the difference between theleall and moft refrangible raya. 

To explain the extenor bow. Let ctnd (Plate IV. Fig. 
I ) reprefeat a di^op of rain, S // a ray of light falling upon 
the under part of it at d j inllcad of this ray continuing its 
^’reftion towards m, it will he refradted to «, whence part 
of itwHlpafs through the drop, and the reft will he re- 
iiedled to / .% *at t a part of it will again pafs through the 
drop, and the remainder will be refledVed to C ^ then in 
.emerging from the v/ater into, the air, inftead of continuing 
the dirt^ion CZ, it will he refradlcd from C to tlic eye 
at But as this ray of light, like that in the interior 

tow, oonflfts of a pencil of rays of different rcfrangibilityt 
the led, which is the lead; refrangible, will proceed to- 
wards A ; and the violet, which is the moil refrangibh^, 
will proceed towards O. Now, if the eye of the fpeSator 
he fo placed that the ray of light falling upon it has been 
refledled, and twice refradied, fo^that 0 0 fliall make 
jwith the fplar ray S ^ an angle S 9 O of 54° y\ he will fee 
J;he violet ray in the direction O r ; and if ,tlic eye he 
nufed to Af fo that A 0 .(hall make with the' folar ray S .« an 
ungfe S 0 A of 50® 5/, the red ray will be feen in the di- 
reoion A cr \ the violet ray will .appear the highefl, and 
ihered ray theloweft, and the reft in order according to 
their different refraiigibHity, as in the exterior bow (Plate 
JV. Fig. 2. ), for th^ tbop of water defeends from H to d* 


psge 237,^frob xiviy-of his Opdes, by method of fluxions 07 incre" 
iBei9ta» ufiag the numbers lAovs;, finds that the angle. Whi(;h the 
emergent rsy tnailws with the incident wy, in the interior^bow, is 42“ a' 
the red, and r?' f®*^ violet'; and for the exterior how, thefe 
Mlfiles src50®37S and 54* The inveftigations are here he- 

csaife they cannot^he render^ Intel’^ilile to any perTont but ntathems- 
iSflUiai* 

Tke 
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The fame obfenrations apply to an mfixrite number of drope^ 
as in the interior bow. 

Hcnce^ if fhe Ain were a pointy the breads of the eifte**' 
rior bow would be (54® f — ^50® 57') 3® 10', that of the in- 
terior bow (42® 2' — ^40® 17'; I® 45', and the diftance be- 
tween them ( CO® 57/— 42® 2*) 8® yc ; but’, as the mean dia««»* 
meter of the uin is about 32' 2", the breadths of the bows 
mnft be increalbd by this quantity, and their diftances dimi- 
ni Hied ; the breadth of the extenor bow will then he 3® 42^ 
that of the interior bow 2® 17% and their diftance 8® 23'. 
The greateft femi- diameter of the interior bow will be 
(42® 2' + i6S the fun*8 femi-diameter) 42® 18', and the leaft 
lomi-diameter of the exterior bow (50® 57' — 16' tlie fun’s^ 
femi-diameter) 50® 41'. 

All rainbows are arches of equal circles, ana confequently' 
are equally large, thouffh we do .not idway.s fee an equal* 
quantity of them ; for the eye of fpe6\ator is the vertex' 
of a cone, and its circular bale is the rainbow, the . femi-dia-' 
meter of which (for the interior bow) is the iixed ojuantity 
42® i8^ equal to the angle FOP; and as SF will in aU 
nt nations be parallel to OP, and the angle SFO, equal to 
FOP, mu ft be always equal to 42® 18', it is evident that,, 
as S rifes, F and P will fink ; and when SF makes an angle 
©£42® 18' with the hoiiaoii, OF will coincide with- OQy*^ 
and the interior bow will vanifh ; hence tlie interior bOw 
cannot befeen if the fun’s altitude exceed 42® 18^ : again,- 
as the point P rifes, the point S will link, and when, OP 
coincides with OQ, SF will be parallel to the horizon 
the fun will be riiing or fetting) and the whole femi<4lia-*' 
meter of the raitiliow will appear, which is the greateft- 
part of it that ever can be feen ori level ^oiiiid ; hence 
iialf a rainbow is the moft that can be iMn in fuch ar 
fitUation ; but if the obferver'be on the top of a high moun- 
tain^ fuch as the Ande^ with his back to the fun, and ifit- 
rainsin a valley^before him, a whple rainbow may be feeo,i 
formiitg a complete circle. The above r^afoning is equally 
applie^le to the outer bow ; hence, as the tun rifes, the 
bowsiiak, and, when his altitude exceeds 42® i8', the' in- 
terior bdw cannot be feen, and, if.it exceeds (54® 7' 

54^ 23^ the exterior bow cannot be feen. 

C3 PART 
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PART II. 

/THA JKLEMEMTARY PRINCIPLES OF ASTRONPMV^ 
containing, 

Sfflar S^rnt^ fsfc* 2. The Nature of Comets i the Elon* 
gations 9 fattonary and retrograde ^f^ar antes of ihePlanets ; 
jtftjbi Fisted Stars; theEcliyfes of toe Sun and Moon 


Ch4fter I. 

Of the Solar Sjfem. (Piate IL Fig^ 1-) 

Iblar ^fyftemis lb called becaufe the fun is fuppofed 
JL to be placed in a certain point termed the centre of 
the fyftcm, miving all the . planets revolving round him at 
Afferent diftanceei and in difiiment periods of time* This 
is likewife calkd the Copernican fyftem. 

• L Of the Sun. 

The full is fituated near the centre of the orbits of all the 
planets, and revolves on its axis in 2C days J4 hours 8 tni- 
nutes. This revolution is determined mm the motion of the 
fpots on its furface, which firft make their appearance on the 
eaftem extremity, and then by degrees come forwards to- 
wards the middle, and fo pafs on tul they reach the weftem 
edge, and then dUappear* When they have keen abfent for 
nearly the fame period of time which they were viiible, they 
appear again as at firll, finilhing their entire circuit in 27 
days 12 hours 20 minutes ** ^ 


. ^ M. Csfflni dete^ined the time whicli the fim takes to revdve on its 

thus : die tin^ in which a fpot returns to the fame fituatioo*oa the 
ton's (determmed from a feries of accurate oblervations) Is 01L la h. 
ao ]».•* now the imn motion of the earth in that time is 27*7' a ; hencc^ 
+ *7® 7'8" : 27 ^ 12 h. aom. ; : 360°; 25d.i4h.8in.|dw,ifrne 
of rotation. 

The 




Cia^»l, or the solae SYStEM. itj 

The fun is likewife agitated by a fmall motion round 
the centre of gravity of the. &lar fyftemy occafioned 
by the various attractions of the furrouiraing planets ; butf 
as this centre of gravity is generaBy Tvithin the body of 
the fun and can never be at the diltance of more than 
the length of the folar diameter from the centre of that 
body, aftronomers eeneraDy'conlider the fun as the centre 
of the fyftem» round which all the planets revolve $ though 
in reality the centre of gravity of the fun and of all the planets 
is the c^nire of the world As the fun revolves on an axis, 
his figure is ftippofed not to be ftrifUy in the form of a 
globe, but a little flatted at the poles ; and that his axis 
makes an angle of about eight degrees vrith a perpendi* 
cular to the of the earth’s oroit. As the fun’s appa*- 
rent diameter is longer in December than^in June, it fol- 
lows that the fun is nearer to the earth in our winter than it 
is in fnrnmer ; for the apparent magnitude of a diftant body 
didunifbes as the diftance inoreafes. The mean apparent 
diameter of the fun is ftated to be 52’ 2^ \ hence, taking the 
diflance of the fun frdm the earth to be pc milUons of miks as 
before determined $,it8‘realdiamet^ will be 886149 miles ; 


t Sir I. Newton's Prindp. Book uL Prop, ix and xs. 

4 Newton's Pxincip. Book iii. Prop. ^ %. Corot 
I 'Vt^alker's FamiTkur PhiloTopKy, Le^ure xi. page 516. 

§ The feml diattiecsr of the estth has been determined at page 57, in 
the note, to be 3^82 miles ; and the diftance of the earth from the fun is 
23882.84- femi'^iam^ers of the eartli. See the note, page 63. . Now, 
tlie apparent femi-dijimeter m w of the fun (Plate tV. Fig. 3.I it mea- 
fured by the angle av o a n 32^ 2 *^ \ hence the angle' O 01 n rr d^^ienglie 

6 If w —89” 43^ 59'^; end on account of the diftance of 

ft 

the fun from the earth, O •», OC, and O e may be confidered as equals 
Hence, ^ 

As ime O e w 89<> 43' 59*^ - 9-9999953 

Is CO 23882.84 frmMiameters . 4.3780060 

So. is line M O n 32' 2" - > - 7*9693x52 

' 7’'; ,. To 2^2.5388 femi-diameters - 2.3474059 

.X^w, 222.5388 X 3982 886x49.5016 miles the diameter of theiun, 

the ciibe of which divided by the cube of 7964, die diameter of the 
earth, gives 1377613 times the l\in is larger tlnn the canh. 

G 4 and, 
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and| as dm itia^nitiides of all fpherical bodies are as the 
cub^B * of their oisunetersi the magnitude of the fun will be 
1377613 times that of the earth ; the diameter of the earth 
being omy 7964 mileSi the diameter of the fun is above one 
Ikinwed and eleven times the diameter of the earth. 

II. Of Mercury {f. 

Mercury is the lead: of all the planets whofe magnitudes 
are accurately known, and the ncarcft to the fun. The in- 
clmationof its axis to the plane of its orbit, and the time it 
takes to revolve on its axis, are unknown, eonfequenlly the 
vicifStudes of its fcafons, and the length of its day and 
are likewife tmknown. Mercury is feen tlurough a 
lekfccpe fomet^mes iu the form of a half moon, aiid/fome* ' 
times a. little more 0^ lefs than half his dife is feen j hence it 
is inferred,, that he has the fame phafes as the moon, except 
that he never appears quite round, becaiife his enlightetied 
lide is never turned directly towards us, unlcfs when he is . 
fo near the fun as to become iuvilibie, by reafon of tlu^ 
fplendor of the fuii^s rays. The enlightened fide of this 
planet being always towards tlie fun, and bis never appear- 
ing round, are evident proofs that he Ihines not by his own 
^ht ; for, if he did, tie would conftantly appear i^undf 
bell obfervations of this planet are thofe made witf n 
he is feen on the fun's dife, called his traiifit ; for, in his- 
lower conjunction, he fometimes paffes before the fan; like 
a little fpot, eclipfing a fiuall part of the fun's body, only ' 
obfervable with a lelcfcope. That node frqm which Mer- ^ 
cury afeends x^.orthward above the ecliptic is in the fifteemb < 
degree of Taurus f, and confcquently the oppofite or dcp - 
fcendiillg node is in the fifteenth degree of Scorpio^. The ' 
e^i*th is in the fifteenth degree of Taurus on the 6th of 
May, and in the fifteenth of Scorpio on the 4th of No- 
vember.; and when Mercury comns to either of ms nqdes at 

— ■ .,1. ■ j „ „ 

* Euclid xii. and i8tb. 

4 The place of Mercury’s aCcending node for 1750 was 15® ao'43''in 
Taurus, and vari;:tioR in one hundred years is Vlnco\ 

his 
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hk inferior eonjunAion (rh. when he is between the earth 
and the fiin he will pafs over the fun^s drfc, if it happen 
on 6r near tne days above mentioned : but in all other parts 
of his orbit, he goes either above or below the funi and 
confequently his conjnnftions are invifible. 

Mercury performs his periodical revolution round the fun 
in 87 d. 23 h. 15 min. 43 fee. ; his greateft elongation is 
28® 2 o\ diftance from ^ foa 36814721 miles ; the «- 

centxicity 


* The 4iftsince of Mercury, or any planet, from the fun, maybe Amnd ' 
by Kepler’s rule Thus as the iquare of the time which the earth ^ 
takes to revolve round the fun, is to the cube of the mean diftance of ’ 
the earth from the ftin, fo is the fquare of the time which any othe# planer ' 
takes to revolve round the fun, to the cube of iu mean diftance $ the 
cube.root of which wjU give the diftance ibughc Oa, leb/ad hJhrUr} 
divide the fquarc of the time m which any planet revolves round the fun^ 
by the fqiiare of the time in which the earth revolves round* the fun, the 
cube-root of the quotient will give the relamt dtfitnM of the pladet from 
the fun This relative diftance multiplied by the mean dIftSnee of the* 
earth from the fun, will give the mean diftance of the planet from the ftin. t 

tirfi for Mertury, Ihe earth revolves round the fun m 365 d;*5 
48 RV 40 fee, ^ 3x556928 fee. the fquare of which h 99583 ^ 704 ^ 97 x 841 ‘ 
a conftant divifor for all the pbaets, and 23882 84, the diftance of the'* 
earth from the fun in femudiamcters (fee page 63, note^ will be a conftant^ 
multiplier. 87 d. 23 h. 15 m. 43 fee rr76oo543 fee. the fquare of which 
w 57768253894849. This fqiure divided by the former, gives 0580096 
nearly, the cube^root of which u 387x0991, the diftance of Mercury fremr^ 
the Am, fuppoiing the diftance of the eardi from the fun to be an uttHm 
.387x0^1 X 23882.84=19245 2841 diftance ot Mercury from thqi^ ’ 
in fcms*diainetei8 of the earth; hence 9x45.2842 x 3982, riuus^ 
of the earth, 3= 368x4721 miles, the mean diftance of Mercury from 
tbefim. 

The diftance of the mferior planets from the fbn mny bn found By their' 
ehmgatioas. M, de la Laade has calculated t^at, when Mercury h us 
hia aphelion, and the earth in its perigee, the greateft elongation of Mer- * 
cury i8 28*’2c/; hut when Mercury is m hia perihelion, and the earth 
in Its apogee, the greateft dongation is 17^ 36^; the medium, therefore, 
if $ 9 . Hence, In the Uidngle, S£V (Plate Ih Fig a.) the angla , 
S£yr:;h2^58^, the diftance ot the earth from the fon3£ 2^23^884 
feni-diamelers, and fiVS is t right 
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his oihit is eftimsted at ons^^fifth of hie mean 
ffiftaiice'frain the fun ; hh apparent diameter it '* ; hence 
i^aVeal diameter is 3108 miles*} and his magnitude al;K>ut 
mcj^fixteenth of the matfliitude of the earth. 


bncj^fixteenth of the magnitude of the earth. 

Mercnij emits a bright white light ; he appears a httle 
after {xin*fet, and again a tilde before fun-rife $ but, on ac- 
cbuat of Ms neatnefs to the fiui} and the iballnefa of his 
"magnitude} he is feldom feen. The light and heat whiah 
this planet receives from the fun} is about feven times 
gmtsr than the light and heat which the earth receives f , 


As ndiuSfifUie of 90^ • xo 0000000 

V - 43780860 

Sobjfineof 22^58' - - 959128x3 

Ts 93Z 9.976 Jbai-4hmSters - 8*9693683 

9518976 X 39S2 := 37zo8x6a mdeS} the di/iance of Mercury 
fsom x& fun by this method $ but an errw of a few Ibconds m the don- 
gstioii will make a confideraUe difference. ' 

* The mean diftsuce df the earth the fun it 23882.84. feini-diam.siid 

Mercivy's dQlaiice 9245.2841 Ohn-diaiiir t die diBTeFence is 14637 SSS9 
ibmt diam«, the ddhmce Of Mercurv frdm the earth ; and, as the mi^> 
tads* «if sU hpdies vary $^v^Jk(y as tneix dlftanccs, we have by the rule of 
tfevee *ay«rfe» as 10637 SJS9 • 2388284 6'' .74x79, ^ *yp»- t 

mt Juitt^cr of lyl^ereury} at a diftance itotn the earth equal totbacsf 
Now, the mean impnreiii diameter of the fun is 32^ ana^it 
m! diameter 880149 xAnes 1 hence t 886x49 m : s 6^^ *74X79 *• 
'^toS nulei of the diameier of Jbftnmw * imd} if die OR^of the diameter of 
^ earth he divided by the cube of the duuneter os Meicu^, the qnobcpt 
nieiU be 164 tiyies the msfinicude of the earth exceeds that ot MerCtuv.' 

*rhe diameter of Mercury m^ht hard beeh found fx.tAly in the nttie 
manner as the diameter oftKe fhii uas found in the note page 127, ufing 
btfssdilf 84 ^ a^d 14637.5559 feras-diain. inftiad of 23882.84 femi* 
mm t Ins xefiilt of the operation m this calb whl be .78061 fenil-diaiii. of 
she e4^%,iRiice .78061 X 3982=: |xo8 miles the dimeter of Mercury 
xlSaddy Si abover it has beeh reiasrhod at page 62, that the apparqilC 
diamoMn of the pbrnetsarenicafured by a mic|»>n|efer} find to be inveuM 
^ MAmout, S but it Uppears, from the Philol^ij^Ucat 

TOttih d t l iM r ^ mh ii e s . inn[em ed» hyd ldbr ftjyfj/ bw wf ' 

f At the ciStdISof light and best are reapnocally proportkiMitD.the 
taares ofthe ddlancesfr^ the centrswhencethey are propagated , if ypu 
mvrie the fqiiarf of the eaith'e ^anoe from the run, by the iqipirs of 
Mercurybdiftancsfrcsn the fun, the quotient wittfhew the ssmiwitive 
heat gf Mercury to that of the saith. . 
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The QAi% of Mei^nr maHee an angk, ol frven degrees 
with the^eclipti^, and be KfSFobnsi round the fiiUvUt the rate 
of upwards of one bundled and ninp tbooCuvd miles pr 
hour * The manner in which earth reyo)ves round the 
fun^ has already been eaplained at pane and^ as aU the 
other planets move ui a fimilar manner m elliptical orbits* 
having the fun in one of £he &cit what has boen ob&rved 
lefpe&ng the earth will be equally applicable to all the 
planets. 


III. Of Vsnus 

Venus is the brighteft, and* tb appemooeir the largeft 
of all the planets ; her light is diftingidflied fntnn that df 
the other planets by its bnlhancy and whitenefi^r which are 
fo confideraUe that, in a doflcy phsee^ eauiea an ol^eft 
to caft a fenfible ihaidow* Venus, when viewed through a te- 
lefcope, appears to have dd the phafes^ of the moon, from 
the crefcent to the enlightened nemifphere, though die is 
feldpin feen peifrdUy round. Her iUiunuiat^ part is con* 
iUntly turned towards the Iob ; hence the convex part of her 
crefceot is turned towards the eafr trhen Ihe is a morning ' 
ftur, and towards the wdlwhen fflie is an eveohigftart 
wlm Venus is weft of (mtf as feem^firom the eartW thdt 

Si, when her lowgitode is kls than the fttn’s fons^udi^ Ihe 
F^belbirelismiirtlie nmimig, and iatbeo called a liiidrp* 
hijgftar} but when die iseaftofAe fob, via. when Iwr hni- 
gstttde is greater than the futn^s lonmtcde, file Ihiaet jn the 
evening alter the fim fete, and is Uictt catted an evewg 
fiar. 


M 

_ * ' ^ 

a TlihhliFsadinlhelknemsiiawmJcrtiissiRhatpnf ^3. That 
tf you dkaibls die d B tos s of mif fhastfroni dM fito, thra miiTcqiiy by 
355, sod difbls sbe M urodtt^l by lit* yen dmia die ckcomfcrsace a 
Ssshnsi^s ekbit hi auiSa Thh ckeondbrence* dkided by the mpslnr 
of MSCS in die idsasl’t yessy^critt iM dw amsbSi «f mtoper bw* 
whfclidist yluiet travels raand the Ihn? r<dr/r mU 

Mcnee* 4 

*fhi^ eirraiofeKiice of Mercury^ erbir will be found t 3 S 3 t 3 y 3 l|f 9 a 7 
Idhf t thau St 87 dL a^h. 15^41^ i a 3 i 3 i 3783 * 7>7 nhss s : t h. ; 
107361 mfiss Mmsry tnvtb/«r iioMr* 

Q 6 
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Venus is a morning ftar, or appears Isreft of the fnn for 
ab<^tLt 390 days, and fheis an evening ftar, or appears eaft 
of tku* fun for nearly the fame length of time, though flie 
, performs her whole revolution round the fun in 22:4 days 
j 16 hours 49 minutes fO feconds. A very natural queftioii 
i may be afkcd, viz. Why Venus appears a longer time 
to the eaft ward or weftward ot the fun than the whole time 
o£her entire revolution round him ? This is eaiily anfwered* 
by confidering that, while Venus is going round the fun, 
the earth is going round him the fame way, though ^ower 
than Venus, and therefore the relative motion ofVeniis » 
flower than her abfolute motion. 

' Sometimes Venus is foen on the dife of the fun in the 
Ibtm of a dark round fpot. Thefe appearances happen 
but feldom, vis. they can happen bnly when Venus is be- 
tween the earth and the fun, and when the earth is neai^y 
in a' line with one of tlie nodes of Venus The laft tranfit 
tnf Veous was in 1769, and there will not happen another of 
,^tbei!n till the year 1874. The time which this planet takes 
to revolve on its axis, and the inclination of its axis to the 
plane of its orbit, have been given by different aftroHO^ 
mars ; but Dr. Herfchel, from a long feries of obfervatione 
this planet, publiflied in the Philofophical Tranfa^liona 
:i>br coacludes, that the time of this planet’s rota- 

its axiskuheertain^ and that the poikioii of its axis 
is equally uncertain ; jthat its atmofphere is very confidera- 
ble; that it has jtrobably inequalities on its furface, but 
tliat.it ' .requires la better eye than his, or the aifillance of 
'|>^t^jr;foftruments than he is pofieiTcd of, to difeover any 
’iDOuntams. The apparent diameter of Venus is ftated to 
• ^ the eccewtricity of her orbit 473100 milesf 5 her 

( ^avHXefengation 47^ 4B' ; her revolution round the fun 



^ 'Z The flace of the efeen^ng node of Venue ior S750 was 14^ 96^ 
m,Geintoj^ yarietion is lOO yean b Si* 40'^. 

^oirty. ^ <,,.r 

f For, according to M. dc la Lande, if the mean diftaace sf db 
aanh be icoooo^ the eccentricity -of Venus will be 49S ; -henoe, 

;ihe diftance iapj uuliieiM oifiaile% ti|€ fccemricfty will be 4y3SOOttifltoK 

9 




Clap, I. Ot YHS SOLAR SVSTStr. t|j|' 

is performed in 324 d. 16 h. 49 m. 10 fee. as before iU^ \ 
ted f and, if her apparent diameter be taken as above, her ' 
true diameter will he f 7498 miles, and her magnitude 
fometliing lefs than that of the earth ■;* likewife her diftanee 
from the fun which will be found to be 68791752 miles, 
The light and heat which this planet i^eives from the 
fuDi arc about double to what the earth receives THe or* 
bit of Venus makes an angle of3^3'35‘^' with the eclij 
and flic revolves round the ftma!f thb 'rate of upwards of 
eighty thoufand miles per hour §. This planet, like Mercury, 
never departs from the (Jin ; ‘ftie is" only viiible a few hoUrs 
in the morning before the fim rifes, or in the evening 
he fets, an evident proof that the 01 bits of'thcfe planet&'are 
contained within the orbit of the earth, otherwife they 
would be fecn in oppofition to the fun, o^ above the ho- 
rizon at midnight. 


* The feconds in this time r= 294x4150, the fquare of which is 
5760092x0222500, tills divided by 995339704797 *^ ffif fntt, page 
129), gives ,3784838, See. the cube root of which < is *72335x1 ; thk 
nniltfplicd by 23881*84 produces 17275.678585 fembdunn., which 
muittplied by 3982 s: 68791752 m 3 es the diftance ofVesuis 

ittib 

M. de la Laiide has found the greateft elongatktns^ of Venus to be 
47* 48' and 44"' 57 " ^vhen in fimiiar .fituations to Mercury mendonedtia 
the note to page 129 1 the medium is 46** 22^ 30^^ oiiiig this anglp sad the 
very fame calcubtion as in the note pagesz29 and ijQi,tbe diftance of Venus 
frdm the fun will be found ^ 17288.09 fenu-maiilkers of the earth; 
hence the diftance will be had = 6884x174 aftontihingiy n^r to 
tlie diftance found by Kepler's rule, confidering die great dMTerence in 
the principles of calculation, and a ftrong proof of the truth of the Coper** 
mean fyftem. 

f Here, (as in the note page 130,) 23882*84 17475*678585 s:; 
6607.16145 femi^am. diftance of Venus from the earth; hence, in* 
verfeU, 6607.16x45 1 58^,79 : : 23882.84 : 16" .26419, and 32' 2'^ 

: 880x49 : : x6^' .264x9 : 7498 miles the diameter of Venus. Or, by 
trigonometry, iifing the angle 58^^79, and diftance 66 o 7 .i 6 i 45 » thq re- 
fute is x.88314; ^ 3982= 7498 muH. 

. I This is found by dividing the fqusine of the eaftB*s dHtance from thb 
fon by the (quare of the diftance of Venus from the fun. 

/ • ^ By the procefs mentioned in the note page 13 1, the ciratmferencA 
of the orbit of Vonua will be found to-be 43223X36**i23 milei; then, 
os 2246, 16 h. 49 m. xo fee, ; 43223x362.123 tnilct : ; X h. t 80x49 
miles Venus travels /rr hour, 

* Of 




OF THE SOtAR 8Y9TC9I. 


PartU- 


lYtOFTm £ARTH@»Wi>/ Satellite the Moon )• 

and the magnitude of the earth have been al- 
raady«a]^ained in Chanter 111 Part 1 ; and ita.diuniaiaBd 
aaiow revolution rouna the fiui^ diitance from the fun, fea- 
font of the year, &c. have been iheyim in Oianter IV ; as at 
widd be fiuperfluoua to thofe particums here, this 
jdbtoter is confined cntiiely to the moon. 

The moon being the neareft celeftial body to the earth, 
And next to the fun the mpift rdTpIendent in appearance, has 
Oxdted the attention of aftronomers in all ages. The He- 
brews, the Greeks, the Rcunans, and, in general, all the 
-weieiits, ufedto afiemble at the time of new, or full moon, 
to difeharge tho duties of piety and gratitude for its maui- 
Md ufes^ The day being mcafured V ^ferving the time 
iMdsk the fun took in appanently moving from any meridian 
to Uie fame again, fo the month was meafured by the num- 
ber of days espied from new moon to moon ; this 
aNmth was fuppofed to be oompleted in thirty days* } and 
when the motion of the moon came to be compared with, 
and adpdfcedtQi, the motion of the fun, twelve of 

thefii months were thought to correipond exa^^ly with the 
annual courfe* TueJunar month is of two forts, pe- 
vMieid audfynodical. A periodical month is the time in 
which the moon finiflies her com-fe round the earth, and 
emififts of 27 days 7 hours 4 } min« 5 feconds s am} a fyno- 
dieal mouth is th^iime elapfed from new moon to new 


e Ths^ev, Mr. Cciftsrd, in Ws Hiftwy of Ailronomy, fujmo(i)4 ihat 
dw Sldsft'wesfurs of dme (tdeen inmxm revnluttonsjof the hsweniy 
WSet) wss a iBontb t sod after the length of the year was ddeovered, 
the ecliptic* and aU other circles, were divided into 3 toequal parts, ralied 
degrees. heesuTe 30 d. x is = 36© days, the length ofthe year. JSt/lf. 
jfjt/r.fi. 44 In an account of the Pelew lOatuU,' we ^re told tbatlhe 
ninintants redESnedidKir time hy months, and dot hy years 5 for when 
die King entrttfted bis fon to the epre if Captain he finqnbed 

how many would ebpfe leibre he m%ht exped the. leturn of hb 
Ibn. The iahabiUDO of dwlhdlandi were totally ignorant ofthe aitaead 


moon 
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moon» and cpnMs of 29 days 12 hours 44 min. 3 fcconds. 
The iypo^esi month was probably the Q^f we obferred 
in the infancy of aftronomy* 

The orbit of the moon is nearly elliptical^ hawne the 
earth in one of its foci ; but theeccentncity m this^lipfis 
is variablcy being the greateft when the Une of the ap&|es 
IS in the fyzygies, for then the tmnverfe axis of the moon’s 
^btt is Icngt^ed ; and the kaft wheki the trWverlh axis 
is in the quadratures, for then the conjugate aads is length* 
ened, and confequentiy the orbit approaches nemier to a 
circle* The moon, in her raeoltttion round the ehith» 
would always deferibe the lame eUipfis^ were that amdiition 
undiftuxbed by the atSion of the fiin 1 the pnnebal axh of 
her orbit would remain at reft, and be always ot the ime 
jptantity ; her periodic times would all bt eqoab and the 
inclioation o{ her orbit to the ecliptic and the place of her 
nodes would be invartabk : but her motions bemg difturbed 
by theadiion of the fun, tbey become ftibjeft to fo many 
irregularities, that to eailcukte the moon’s place truly, and 
to eiitablifli the dements of her theory, aif alimftkifi^ieiaUe 
diSculties. 

The orbit of the moon is ineKned to the ecl^tic jO ad 
aojgle, which is variable firbm to 5^ ib’, jeonfequeody it 
ismcHtied in ananglectf 5^ 9^ fttimednMSii Themotiou bf 
the moon’s nodes, oi^ pbicev whim face oihkcroffes the mbit 
of the earth, is weftward, or eontaary to the order of the 
figtis : this motion is trregulw but by comparing 

together a great ^numbeir of diftant ofef^atioos, .dmmeaa, 
annual retrograde motionJa/ound to be about 19^ 
fo that the nodes make a compleat letrogra^jrnvmtion m>m 
any point of the ecliptic to the ianqieagmuhis ribout years 
228 days 6 boors. Theaxis of t&emaon iaalmoft peipcn-i 
&ular to the plane of the ed^tic, the aagie being 88^ 
iSmdeqtM^itly the has little or no dSterfity of ftafons TW 
.moon tiims rodnd her axis, from the fqu to the fun agaWfn 
29 days 12 hours 44, panutes 3 msopds, which is e^awy 
she time that ihe tokos to go round her orbit from .new 
moon to new moon ; IhO therefore has conftani^ the fome 
ijdeturued towards Ae earth* This, howetnr» is foty ^to 
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a fmall-Taruttion, caHcd thtt libri^ii of th^ moon, fo that 
fhc fbmetunes turns a little moW"^)T" the ©ne fide of her^faee' 
towaids the earth, and fornetimes a little more * of the 
other, from her .uwiforin^ ftiotion pn her axis and' 
motion in her orbijt : > this is called her libratiou in 
longitude. The moon likewife appears to have a kind of 
vacslattng motion, which prefents to our Tiew fometimes 
more and fometimes lefs of the fpots on lier furface towards 
each, pole ; "this .arifes from the axis of the moon making an 
' angle , of about 43' with a perpendicular to the plane of 

the ecliptic ; and, as this axis maintains its parallelifm during 
the moon's revolution round the earth, it muft neceflarily 
chans^ its iituation to an oblerveron the^attb : this is cal* 
leiLihiLmfiXAL^aJibtatiQjua 

While the moim revolws. round"" the earth in an elliptical ' 
orbit, fhe likewife accompanies^the earth in its elliptical or- 
, bit round the fun; by this compound motion her path is 
1 where concave towards the fun f • . 

The moon, like the planets, is an opaque body, and > 
Ihines entirely by light received from the fun, a portion of 
which 18 rcfle^cd to the earth*. As the fun can only en« - 
lighten- one^half of a fpherical furface at once, it foUows'^ 
that according to the fituation of an obferver, withTefpef^. 
to the illuminated part ofthe moon, he will fee more or lefr • 
of the Kght rededkra from her furfece. . At the cohjundiion,. . 
or time of newmoon; the moon is between the earth and 
the fun, aud confequently that iide of the moon which isi^ « 
never feen from the earth ia enli^tcned by the fun ; and' . 
that fide which is confiantly turned towards the earth is- ^ 
vdbolll^ in darknefs Now, as the mean, motion of the> 
moon m . her orbit exceeds tbe.appiwent motioii -of the fuis. 
by abont.13^' lI^in a day yitifTbUowi .that, about founv 

■ - i *.* ; ■ ■i-y. ^ ^ 

* Alunuplphe was publilhed a few yttrs by Mr*JEtvfiel, which' > 
fitews not ot^ the lihration of the moon in the moft peife£k manner, buV 
li a complete ptfhire df the motmtams, pits/ and fhsdea, -oil Mrfnrfr'ce. • - 
•f See M. MsctaurlnV 'account of Sr Ifaac Nekton's difeevenes, boofc- 
w. chap. 5; Rowe!g BhiasDiit, fecond editid(^• page SS 5 ^ £eirguWs« ^ 
Aftxonoiny, odavo edHipn, aitideaSS;. or.n tceatUe on Afhronomv, W. . 
Ida. O. Gregory, article 45S. 

4 Except the Kght which it xeSfded teon it fieia'tbs earth, wlndf’ :i 
we eannut perceive, 
f .See the nets page yd. 
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dayfi after the flew filocHi/ ite wttt be feen in the evening a 
little to the eaft of the faii| after he hat defee^ded below the 
weftern part of the horizon. A fpe^ator wiH fee the con-» 
vex part of the moon to9ein*ds the weft, sad the honis or 
cufps towards the eaft { enr^ if the obferver five VA north 
latitude, as he looks at the moon the horns will appear' to 
the left, hand ; far if the line joining the enfps of the 
moon be hile6ied by a perpendicnlar paffing tltron^ the 
enlightened part of the moon, that perpendieultiiNvut 'point 
dired^ly to the fun. As the moon continues hei^ motion 
eaftward, a greater portion of her fnrfaee towards the earth 
becomes enlightened ; and when (he is 90 degrees eaftward 
oftlie fun, which will happen abo\it 7^ days the time 
of new moon, ihe will come to the meridian about ^d 'o’cloch 
in the evening, having the appearance of*a bright femi- ' 
circle ; advancing ililf to the eaftward, ihe becomes more 
enli^teaed:'t<»wairds the eaitb, and at^ the end^of about 
14^ days, (he will come the meridian at ixiidnight, be* 
ing diametrically oppofice to the 'fun $ and confequent}y (he 
appears a complete cirde, or it is laid to be fiuH The 
earth is now between the fun and the moon, and that half 
of her furface which is conftantly turned towar ds the earthr, 
is wholly illuminated ^ by the dire^ rays of the fun ; whilfb 
that half of her furface which is never feen from the earth 
is involved in darknefs. The moon continuing her pro* 
grefs eaftward, (he becomes deficient on her Weftern edge, 
and about days from the full moon flie is again within 
90 degrees of the fun, and appears a femi*circk witb^thc 
convex fide turned towards the fun : moving on ftill eaft- 
ward, the deficiency on her weftern edge helmet greater, 
and (lie appears a ciefcent, < with the convex fide turned to- 
wards the caft and her cufps or horns turned towards the 
weft : and about 14^ days from the full moon, (he has 
again overtaken the fun, this period being performed in 29 
days labours 44 minutes ,3 feconds, as has been obferved 
before. Heitoe, from the new moon to the full , moon, the 
phafes.are horned^ ba^f moofij zxid gtbhus ; and as the convex 
-Or" well-defined fide of the moon is always turned toward^ 
th^.fuo, the horns, pr irregular fide, will appear to the eaft, 
or towards the left hand of a fpediator in north latitudOi^ 
Prom the full moon to tlie change, the phsfe^ mre gthhom^ 
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hm-nci^ the convex or wjell-definjBd fide of. her 
face will appear to the eaft> and her horns or irregular lidc 
towards the weft> or to the Tight hand of a rpe£^or« • 
As.the full moons always nappen when the moon is di- 
loftly c^pofite to the fun, all the full moons, in our winter, 
himpen vmen the moon is on the north fide of the equioo&ial« 
The moon, while Ihe paffes from Aries to Libra, will be 
TtfiUe at the north pole, and inviiible during her'" progrcb 
from Libi#to Aries ; confequently, at the north pole, Uiere 
is a fortnight’s' moonlight and a fortnight’s darknefs by 
turns. . The fame phenomena will happen at the fouth pole 
during the fun’s abfcnce, in our fummer. If the earth 
the moon, and the fun, 'were all in the fame plane, ^there 
would be an eclipfe of tfaefunat every new mopn (for then 
the moon is between the earthand the fun), and there would 
be an eclipfe of the moon at every full moon, at whiol'i 
time the earth is between the fipi and the moon* But as the 
0^1 of the moon crofles the orbit of the earth or the.f eclip- 
tic hi two oppofite points, called the nodes; it is evident that 
the moon is never in the ecHptic except when (he is in one 
of tfaefe nodes ; an edipfe^ therefeue cast never happen un- 
lefs the moon be in or near one of thefe nodes, at all other 
times fhe is either above or below the orbit of the <^h ; 
and though the moon crofics each of thefe nodes every 
month, yet if there (hould not be a new full mocm, rat or 
near that time, there will be no eclipfe. morf of this 

fitljsS in a seeding chaper^. The influence of dte moon 
upon tlie waters ot the ocean baa already been explained' ; 
and the nature of the iiarveit-moon mil be ihewn ambngft 
the problems on the globes. ^ 

The moon’s greateft horizontal parallax i8 6i'3E'^ the 
leaft 54^ 4^^, confequently the mean horizontal parallax is 
* 57' 48"; and her mean diAaiice from the earth 236847 f 
miles. 

* Dr. Hutton's MathbmatlcalDiCl. word Palrallax. ' ^ 

t As in tlie note page 63. ' 

Siiie of ang£ 37'48'' . 8.*a:f6.;35 

Is to of the earth PO o-oex^ooop 

So is radius Hne of 90® zz fine OPS 10*0000 000 

To 59.47938 fomi-diameters i-77 436^5 . 

Henc^ 
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miles. The appateot diameter of tbe moivn ia' variable 
cording to her diftance £tom the eartjb ; her meap appau er^t 
diameter is ftatedto 31' ; hence lier real 4iameter is 

EI44 miles §f and her magnitude about y^oftbe magnitude 
of the eardi. The moon performs her revolution round the 
eiith in 27 days 7 hours 43 minutes 5 £n;onds» ashaabeea 
obferved^ before^' oonfequently (he travels, at the rate of 
II 2270 miles /rr hour round toe earth} befides attending. the 
earth in its annual journey round the fun. ' ^ , 

The furface of the moon is greatly diverfified wHh ine- 
qualities} whidi tlrough a tekfeope have the appearaneeof 
hills and vaQeys# Attronomers have drawn the &ce of 
the moon as viewed through a telefcopc} diftinguifiiiiig tbe 
dark and Ihiningpafts by their proper fliades and figures. 
Each of the Ijpots.dn the moon has b^n maifeed by a nume* 
rlc^ figure} ierving as a ^reference to the proper name of 
the particular foot which it remrefeoU 1 as *} Herfcher# 
volc^ } t} Cmnaldi % 2^} Gal&O} dbc*.; fo thatthe feve- 
rai fpots are named from the moft noted afiTonomerS}. philo» 

Hviicfti9,47738 X 399 a ;7 2 a 48 ! 46 « 894 i»Uss> (^ftanceof tbemponuom 
iheearth. 

t Vince’i Aftronomy. ' 

§ Asin tbe precedma fay,mv«fely,M 59 « 4793 S feflftidiam. f 3*' 
7^ : : 239^2 84 fern.' : 4^' .6497»the npptattnt diameter of the moon at a 
diftance Iram the earth equal to chat oC^che henee 32' 2^' : $86x49 
s : 4''«^497 * 214J.8 mOcs the (Uameter of die mQai|L X)r, by tiigono- 
met^} the angle mOm, (Plate IV. Pig. 3.) z: 31' 7". hence O 

As 8*1^89^ 59^ 44 "» &c. ::: (fine'of 90 extremely ' 
lilk) - ... 10.0000000 

Is 1039.47938 feml«diameters 1*7743663 

, S 9 ia 8 ne 3 i^ 7 ^^ - - - ^ - 7 * 9 j 673 io 

■ ■ 

To .53839 TepiHliatqeters of the eanh - z*73 109 75 

And 53839 7 C 3982 SZ 2143.86* Stc,, miles tbediamerer of the moon , 
Uee the noceP'ges. 129} 130. If the cube of the enrtirs diameter be dU 
vided by the cube of the moon’s dbmeter. the quotient will be 51.2 } 
hence the magnitude of the earth is upwards of 50 times that of the moon. 

II For* by the. note (Ago^i3z,"asii3 ; 355 : : 236846.9 x 2 *- 14^ 
153.09 miles circumference of the moon’s orbit ; then 27 d. 7 h. 43 m.^ 
5 fee, ; :xh. t 2269 5 miles. 

> . fopliers, 
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fophers, tod mathematicians. The beft and moft complete 
pi^ ure of the mocn is that drawn on Mr. llulTePs lunar globe. 

Dr. Hofchel inibrma uS that) on the r9th of April 1787, 
he difcovcred three volcanoes in the dark part of the moon ' 
two of them appeared nearly extindl, the third exhibittd an 
adtaal eniption of fire« or luminous mAfter. On the fiibfc- 
quent night it appeared to bum with greater violence, and 
might be computed to be about thi'ee miles in diameter. 
The eniption rcfcmbled a piece of burning charcoal, co-- 
veredby a thin coat of white aOies ; all the' adjacent parts 
of the volcanic mountain were faintly illumftiated by the' 
eruption, and were gradually more obfoure at a greater dif- 
tance from the crater. That the fiirface of the moon is* 
indented 'with mountains and caverns, rs evident fi'om the 
irregularity of that part of her furface which is turned from 
tlie fun ; for, if there were no parts of the moon higher* 
than tlic rell, the light and dark- parts of her dific at tfie 
time of the quadratures would be terminated by O'.perfedUy 
ft might line ; and at all other times- the termination would; 
be an elliptical line, convex towards the enlightened part of 
the moon in the iiril and fourth quarters, and concave in the 
fecund and third : but, inftead of thefe lines being regular 
and well defined when the moon is viewed through a tele- 
fcopc, they appear notched and broken in innumerable 
places. It is leather fingular that the edge of the moon, 
'U'hich is always turned towards the fun, is regular and welt 
defined, and at the time of full moon no notches or indented 
parts are fceii on her furface. In all'fituations of the'moon, 
the elevated parts are conilantly found to qaft a triangular 
ihadow' with its vertex turned from the fun j andfi^bn the 
contrary, the cavities are always dark on the fide next the. 
fun, and illuminated on the oppofite fide : thefe appaarv 
ances are cxa^lly conformable to what*^ we obferve ot MBs 
and vaUcys op the earth : and even in the dark part of the 
moon's dife, near jhe borders of the lucid furfacf, 
minute fpccks have been fceii, apparently enlightened by 
the fun’s rays : thefe fiunisg fpots are fuppofed- to 4>e -the 
fummits of Kigh mountains which are iliuminated by the 

fun, 

* Mippoting this to be the tstt aftronomers hav6 determined the heiglu 
ti Come of the lunar mountains. The method made ufe of by RiccioU 

• (tlvough* 
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fuOf while the adjaeeixt valleys nearer the enlightened part 
4>rthe moon are entird^ dsirk. 

Whether the moon has an atmolj>here or not^ m a qnef- 
iion that has aoj\g . been controverted by Various . aftrono- 
.xners; foine endeavour to* prove that the^ moon haa neither 
an atmofoliere, fcas, nor lakes t while others contend that 
.ihe has all thefe in common with our earthy though her at«^ 
mofphcre is not fo denfc as ours. It cannot be expe&ed.in 
an introdu&ory treatife, where general received truths only 
ought to be admitted^ that we ihould enter into thedHcuf- 
-fiou of a coatrayorted queftlon 5 however^ it may be pro- 
per to inform tlie iludent» that the advocates for an atmo- 
Xphere^ if we may bp allowed to reafon from analogy, have 
the advantage over thofe who contend that there is none. 

c 

{though it give^ the true refult only at the time of the quadratures) is 
here explal^ted,' becaiife it is much more Itmpie than the general method 
given by Dt. Harfirhel in the Philorcqihical Traitfaftions for 17 Ho. i^et 
.ADB (IJsce iy. i'igiTO be the difeor face of the. moon at the time of 
the quadratures, AC B the hoai^ary of light and ^rknelsi MO a moun- 
tam in the dark part, the fiunmit. M of which is juft beginning to be en- 
lightened, by aVay ofligfu^AM from the fun. Now, by means of a 
mirroracter/the ratio aMA to AB miiy be dtterwined ; and as AC is 
.the half of AB , and MAC a right angled triangle, by Euclid i .ind 47th 

AC* +AM*s;Clii from wlilch take CO ttAC, and the remainder 
MO, is th * h -ight of the moamaiii. '* Rkeioli cibfehTd the iiluminated 
ipjrc of the mounttun lki.'Oath(irine, 'pn^he iburrh’day after the new morm, 
to he diftant ftond the ilUmiituted part of the moon about i-Iixteenth 
part ofiche moon's diamecer,,vii MA i;-fi:atenth of AB, or ni- 
eight of AC; now, if we take the moqnS diameter 9144 milA, as 
we hav^efore determined, the hieq^t of thii mountain will be 
mOetl Galileo makes MAzzi-soth of AB4 and HevOlius makes 
MA s: of AB; the former of thbfr wUi give the height of 

the fiiMintala ^ 1 *^*^ 3 tu Merfchel 

.ihitdu, height of the lunar inouinahit is in general greatly 

over rated, aiid*t|iar ibe faiierslfty of them do not exceed half a mile 
in perp^^doi; eleyadpiL** On .the contrary, M. 5 chroe|er, a 
Imrned a&c^^fli^dfLUieiithal, in ilm jlttdiy of Bremen, fays, thai there 
am hi the'mcfrti miidt hk^er than any on the earth, and tnen- 

tiooa one above a thouCmd toifeald^^llian Cbimbora^oin South Am^ ^ 
tiea. The fame. anchiw 'hiuiUketvifekulypiiblilhed a new work 01^ the 
Jm^ht of the mountains of Venua« ibme m which ha makes upwaids of 
gemnty •three thoitCafid ioifrs in height, wJuch is above foven times the 
Jbe%fac of eidhibogsigo I 
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lit is ISidiiiitted c» all hands, that tite meoa has zoouatains 
anjJ valleys, like the earth, and appeaets ftearly the^ fiime 
YdUi tefpefk to (hape and the nature of her motions'; may 
' we not then fairly infer that Ihe is funilar- to the earth iti 
other refpcds ? 

V. Of Mars d . 

Marl) appears of a duiky red colour, and though he is 
jComcthuos apparently as large as Venus, he never Ihines 
with to fcrilliant a lights From the dulncfi and ruddy ap- 
peaiai^rc ofthisylanet, it is conje^ured that he isenconj- 
palTc J with a thick cloudy atmolpherc, 'through wliich tHe 
red ru) s of light penetrate more eafily than the other rays. 
This being the firll planet without the ert-bit of the earth, he 
exhibits to the,.fpeAator different appearances to Mercury 
and Venus. He is fontetimes in conjiindion with the fun, 
like Mercury and Venus, bc.t was never known to traniit 
the fuu’s diic. Sometimes he ia directly oppofite the fun, 
that is, he comes to the meridian at midnight, or rifes 
when the fun fets, and fits wJien the fun rifes,; at this time 
he Ihiiies with thegreateft luftre, being neareft to theeartlu 
Mars, when viewea through a telefeope, appears fometimes 
full and round, at others gtbbous^ but never horned. The 
foregoing appefErances clearly (hew, thai Mars moves in an 
orbit more diftant from the ipn thanthat of the earth. Tlic 
app&i^nt motion of this planet, like that of Mercury and 
venuSf,.isli^ctimca direct, or ftofn eaft to^veil ; at others 
retrograde, or from wett tp eaft ; and foipetiiii^s he appears 
^tionaiy. be rifes before the fan, and is feeu. 

m"tbe morning ; at odiers he fats after tiie fui)[, and of 
is fecn in the evening. Mars revolves on its' axis in 
mituites ii' feeodds ; and f ts polair dkoniHstf is 
«8 tj to i6^ acconfing io Df. 
HerfchcTi but h^aikelypetwrhQ.^fuUy'^^^f^ 
pladet ' oppofitioa, co.u]^ per^ive ' no 
repec be<#iei^: ^;Tb^ iddiaaidoa of the ^ 

ccBpdlcisi^^yi' ; the {dace of 
aiScindfag itodg about In Tayus^ , ^hfs ga^ 

ytiar 175c v.d ly^ 3S' sbdkivfQfk^ 

Vince s ‘ ' ' , ** * ^' - * ■ * , 

nilkx 



Chap*, h 


• F TUB SOLAB. BVSTBM. 


Hi 


ralkA ia faid to be peiforml fais itvolution touxid 

the fan in 686 dap 23 hoora 15 mioutes ^ fecoods, ; and 
his apparent femi-diametcr, at hia neai^ diftance^ fixiip; the 
earthy is 25''; confequently his mean diftanfee froni the^ fun 
is 14^907630 f miles ; his diameter 4218 . miles ; and' his 
magnitude a little more than ^th of that of the earth y* 
This planet travels round the fun at the rate of SKtii miles 
pft hour § $ and the parallax of the earth’s ann w ormiy '“as 
feen from Marsy is about 41 degree^ As the dUbmces qf 
the interior planets from the fun are found by thmr ddnga- 
tionsy lb th'ediftances of the exterior planets inaybe.|bun(l 
by the parallax of the earth’s annual orbit 
,Vls Qy 

f For, 636 days 23 hours 15 min. 44 fee. 5935^44 i^ondsy the 
fquare of which is 3522914409972736, this divided ^ 995^39704797 
184 the Ccconds Ui a year (ihe the note page 129) gives 3.537032, the 
cube root of which is x J23716, the relative diftance of Mars from the 
fun. Hence 1.523716 x 23882.842= 36390.66 54 diftance of Mart from 
the fan in feini.dlam. the earth, and 3639P3S654 x 39^^^ <44907 
629.6 miles the mean diftance of Mars from i^e fun* Now, If the hori- 
rental parallax of Mars st the time ofoppeftcioabo 2$^(.6ySs fisted hy .M, 
de la Cailley we have (fee Pate t V.^lg* 0.) 


SineTSO. rr fine 23^\6 
Is to PO =: I fexni’dlametct 
So is radius fine of 90" 

\ 

To SO 2S 8741.93 feini-diam* ' 


6 »j83t>»7 
00000000 
10.0000000 


3.9416073 



Hence the diftance of Man from die eSrth .at thethae of i 
S74<*93 the earth's iitni*dianieters$ 874t«9[| 1 
15 the aopsrem hamster of Mars if lecn fihm i^ esrthits oifi 
thti of fiin j then 32^2^ : 886x49 • • Y' -^1 • SW^mfioi die. dk- 
xftetcrofMan. 

I The cubs of 7064, the diameter of the eard^ is 5 <^J 29057 J 44 ; 
and the cube of 4218, the <fiameter of Mtrsy,iU 
tient {MEOdujjpqi ‘ty efirWing the ftarmse ly .ihetrtir, is .6;73. via- the m^g- 
nhade of the earth b'USi^ 'ihveh'dmes'th^^ * / v 

% Pm^ H3 5:355 ♦ 1 7449^7630 H mfies, the.^- 

ciimference ^ tnS.'Oihftof 'wkt, Shd 'iWli wyf **?***• *44 

: 43048x569 m. t i xh-: 35223 ifeikS^ ' . . ^ 

. .>?*»**• ^ 


M V the earth mews qtSickdr in. its 

will appear t3 gohfkhntard when thestf^ 
il^thekfttliis aeiy iMars nrill appear ameog the fixrf ^ ^ ^ ^ 
as'difeeirfthpaflhsfi^ E to^ Mars will appear t o 6^ fr om se^t<y 
theush heb in reality travelling the iamc way as the eartSLiiom ’I 
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Part III 


VI. Of the New Planets* CE iiESt Pallasi J^no, 5cc. 

I. Ontbe ift of Januaiy.iik>if M. PiaEEi, Aftronomcr 
Royal at Palermo* in the ifland of Sicily* difcovered a new 
planet between the orbits of Mars and Jupiter (generally 
called Ceres Ferdinanoia* from theillaud in which it 
was difcovered* and Ferdinand IV. King of the Two Sici- 
lies). The elements of the theory of this planet are at pre- 
fent very imperfectly known : it appears like a Rarof the 
eighth magnitude (confcquently it is inviliblc to the naked 
eye), its diltaiK:e from the fun is faid to be about if times 
that of the earth* and its periodical revolution nearly four 
years and eight months. This planet* called by fome aftrd- 
nomers an aReroid* is not confined within the ancient limits 
of the zodiac.. Its diameter* according to Dr. Hcrfchel* is 
about 1 62 miles. 

II. On the zRth of March 1802* Dr. Olbers of Bremen* 
while examining fome of the ilars near the new-difeovered 
planet* Ceres Fendinandia* perceived a ftar of the feventh 
magnitude* fituated Uear the northern wing of the conftel- 
lation Virgo* which had the appearaiKc of a planet. By 
continuing his obfervations, he ibon diCcovered it to be a new 
planet* to which he gave the name of Pallas^ As tlic theory 
of the various phenomena of this planet is lefs known even 
than that of Ceres Ferdinandta* the accounts of its magni- 
tude* diftance* and the time of its, periodical revolution round 
the fun, muft be very imperfeA. Its'diilance from' the fun* 
and the time of its revolution* are Rated to be ^ nearly the 
fame as thofe of C^s Ferdinaqdia* and its diameter about 

miles. 


The mV where Mars Is the^aith mobg ttwHsed Rtts* Is 

caUea hiS'GEOciiNTRic riace, W the place Where he voeli be feen 
fFOR) the. Ibn* is cdHed his Hbliocsutric place, and the arch m P, which 
is^ie differsaee.berwm bk apparent and irmei' f^ce.tt called the Paral- 
lax or THR kAliTiL’s ANtwAL OAMT. Now as thk ahgle lU^^be 
determined fromobfervation, and la known tobe dboM 4i*Vln the is|ht 
an|[^ triati£:k fi£M* we have given fend^dkahieterB* 

she dUbnes of ehe earth frohn the &xi, the angle mcafured ^ the 
arch M P zi 41®, to find SM rr 3^403^ leraindiainetersof the earth* 
Ike diftance of MkrsRem the £un. 

m.On 
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III. On the ifl: of Se}»teinber 1804, Mr; Harding, of 
Lilieiithal in the dnehy of Bi^meot difeov^red the planet 
Juno. It appears like a^fiar of the eighth magnitude^ the 
Planets or Afteroidsy CerHf PalhtJf and Vismo* are ril fo 
nearly at equal diilances from the fun, that it is not yet de- 
cided with certainty, which of tlic three is the neareft, of 
tlic moft remote, 

IV. On the 29th of March 1807, at 21 paft 8. mean 
lime, Dr.Olbers difeovered a fourih new planet called 

its right afeenfion at that time was 184^ 8' and its declina- 
tion 1 1^47' N. It is apparently about the fame difiance 
from the lun as the thm already mentioiied. In fiieeit ap- 
pears like a fiar of the fifth magnitude. 

• * 

VH. Of Jupiter V, and his SateilhiSf &c. 

Jupiter is the largeft of all the planets, and, notwith- 
fiandiiig hts great difiance from the fun and the earth, he 
appears to the naked eye almoft as large as VenuSii though 
his light is fomething lefs brilliant. Jupiter when in oppo- 
iition to the fun (that is, when he comes to the meridian at 
mid«night, or rifes when the fun fets, and fets when the fun 
rifes), is much nearin' to the earth than he is a little before 
and after his conjun&ion with the fun ; henc^; at the time 
ofoppoiition, he appears larger and niore fominops than at 
Other times. When the longitude of Jupitex is lefs than 
that of the^fun, he will be a morning fiur, and ap^ai]^ in 
the eaft before the fun rifos ; buy whe^' his longitude is 
greater tlian the liun^s longitude; he wilf'bi ^an evcniagHar^ 
and appear in tlie weft after the fun fets. Jupiter revolves 
on his axis in 9 hours 56 minutes, which is the length of 
his day ; but as hia axis is nearly pemndicular to the 
plane ofhiaorbit, he has no diverfity or feafons* Jupiter" 
IS furrounded by faint fubftances, called zones or belts 
which, from their frequent change in number and fituatloup 
are generally fuppofed to confift of clouds. One or mdre^ 
dark fpqts frequently appear between the belts | and when 
a bekdifoppears, tfae contk^us foots difappea^ like^a^ 
The time ot the rotation ot the dSlfiereat fpots is vaitable^ 
being lefrby fix minutes hear the e<|iiator than near die 
poles* JDr. Herfohel hM detemoBcdt tiiat Mt only the 

fi timea 
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timel of rotation of the different fpots vary, but that the 
time of rotation of the fame fpot (between the 25 th of Fe* 
bruarj 1778 and the 12th of April) varied from 9 hours 
55 mmutee zofecondsy to 9 hours fi minutes 35 feconds. 

The inclination of the orbit of Jupiter to the plane of 
the ecliptic is i'' 18' » the place ot his afcending^ node 
about 8 degrdes in Cancer * ; and he performs his rerolu* 
lion round the fun in 4330 days 14IK27 m. la fee. moving 
at the rate of 29894 miles p/r hour, his mean diilance 
from the fun being 494499108 miles f • Jujpitcr at his 
mean diilarice from the earth, at the time of eppofition, 
f ubtends an an^le of 46", hence his real diameter is 89069 
miles X ; and ms magnitude 1400 times that ofthe earth ||. 
The light and Jieat which Jupiter receives from the fun is 
about ^ of the light and heat which the earth receives 


* The |Aacr of Joj>itfT*8 afccnding node for the beginning of the veer 
2750 wss 7® SS* ^ Cancer, and its varliiion in lOO years is S9'3<^* 
Titfcit ^Jhrtnomyn 

f For, 4330 days 14 hours 37 miiu XI fec,t= 374^4031 feconds, 
the fouare ofwluch is X3999872209416896X, this divided by 995839704 
997x849 iquare of the feconds in a year (dec the note page X39} gives 
140.583591^, the cube root of which 155.1997, the relative diibnce of 
Jupiter' from the fun. Hence 3388184 X 5-*997 =^^4183.603148 
diAanc-e of Jupter from the (un in fciiii-diameters of the earth ; end 
134183.603148 X 3^» = 494499*^7-7 the mean dittance of 
Jupiter from the fon. 

Npw (by the note page X31) 1x3 * 355 • *• 49449 ?*® 7-7 X 4 : 31090 
39791 milci, the circu»ference of the orbit of Juphur, and ^ 

4U^’d I4h. 371a. iifec. : 3 * 070 » 979 » • '• Xh. : I9894milcs. 

i 494499x08-— 9510x468 milciB the ciiAance of the earth from the 
fun, =: 399397640 Msace of the etnb from Jupiter, Now, by the 
rule of three, inverfely, 399397640 « 46"'* ; 95*0x468 : *93" -*863, 
the appaftne dtaaeter ol iumter at s diftance from theeertii e^te thex 
df the Ibn. Heaee (as m the note page 130) 33' 3 " : 886149 : ; 

. 1863 s 89069.5 iftBcf, tliedlamcter of Jumter. 

H For, if tbecobeoC the diameter of Jupiter be divided by the cube 
eTthe diameter of the earth, the tpsotitnt win be 1398.9 =: 1400 nearly. 

b If the fqixare of dtemeui diftencs of lopiter frvnn the fun be divided 
by tbefquauof the snewdifriiiseoftiMCSBhfrom the iiui, the quotient 
wiUbeiy. 


On 
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OnaceouAt of tke gccAt mAgoitudeof Jupiter, and bis 
quick revolution on hie axia,he it confiderably more flatted 
at the polea than the earth fs. The ratio between his polar 
tind equatorial diameters has been dHFerently ftated by dif- 
ferent aftronomers : Dr. Pound makes it as 12 to 13 ; Mr. 
Short as 13 to 14 ; Dr. Bradley at 12( to 13^ ; and Sit 
Ifaac Newton (by theory) as pi* to lof. 

Of the Salellitee ef Jupiter* 

Jupiter is attended by four latellites or moons^ each of 
which revolves round him in a manner iimilar to that of 
tile moon round the earth. The times of their periodtcsd 
revolutions round Jupiter, and their refpeAtse diftaucet 
from his centre, are given in the fldlowing table * : 


Satellites. 

Periodical revolution. 

MB 

IM 

n 

d. h. m. fee. 

1 . 18 . >7 . 33 
3 * 3 *» 5 * 4 * 
7. 3 +?-33 
16. 16.33 . 8 

5.67 

9.00 

>4*38 

23.30 

33231 1 
400810 
040406 
1126733 


The fatellites of Jupiter arc inyifible td ^e naked eye t 
they were flrft difeovered by Galileo, the ikYeutoe of te}e* 
foopcf, in the year j6io. This was m impoeliafit dUco« 


* Xhs&cend aad third coUimns in itiaihort uU»t snhx»|M from 
M- jLande, sflAihe fourth is fbunAhy nnilt^iae ^ awnbeis^ni 
the third column by 44.f34-5i bchiaibd hsll of 89069, tht ditiii«c«r df 
Jupiter. The dUbmees of tho JktfHites from the OMre of lidpiter mey .ih 
found «t the time of their gretteft «leagatioBs» by meofariaf their (Afr 
tancesfrom •the centre of Ju|kei> end the diameter ef JtipUer, 
a miciemeter. Then fry, at the opyaMnt diameter of Jupiter 
micremeter) b to bis real diameter, fo b the apparent diftMice of tDAfr^\ 
tf Hite to its real diftance. Or, having determined the perSodieil'tbnes 
of the latellites, and the diftance of one of them from the fliiE, the dSC^ 
tanect of all the reft may be found by Keplav't tule, as in page iif. 
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very ; for, a« thefe fatelUtet revolve round Jopiicr in the 
fame diredion which Jupiter revolves round the fun, they 
are fre/|uently eclipfed by his (hadow, and a£ford an ex- 
cellent method ofiinding the true longitudes of places on 
<the land. To thefe eclipfes we likewile owe the difcovery 
of theprogrelfive motion of light, and hence the aberration 
of the fixed ilars- 

The fatellitcs of Jupiter do not revolve round him in the 
fame plane, neither are their nodes in the fame place. 
Thefe fatellitcs appear of different magnitudes and bright- 
nefs 5 the fourth generally appears the fmallcft, but fome- 
times the largeft, and the apparent diameter of its fhadow 
on Jupiter is fometimes greater than the fatelKte. M. 
Caffini and Mr. Pound fuppofed that the fatellitcs of Jupi- 
ter rcvolvfed on their axes ; and Dr. Herfchel has difeo- 
veicd that they revolve about their axes in the time in which 
thgr refpeftivelY revolve abot^t Jupiter. 

The nrft latellite'is the moft important of the four, from 
its numerous ecUpfts. The tiptes of the eclipfes. of the fa- 
tcilitcs of Jupiter arc calculated for the meridian of Green- 
wich, and inferted in the 3d page of the Nautical Almanac 
for every month, and their configuratiun or appearances 
wiith refpeA to Jupiter are infert^ in page 12. As the 
earth turns .on Its axis from weft toeaftat.the rate of 15 
degrees in an hour, or one degree iu four minutes of time, 
a perfon one’ degree weft ward of Greenwich will obferve the 
etnerfion or inunerfion of any one of the fatellites of Jupi- 
ter four minutes later than the time mentioned in the Nau- 
tical Almanac ; and, if ^ he be one degree eaft wa^d of 
Greenwich, the ecKpfe will hap^n four minutes fooner at 
bis place of obfcrvation than at Greenwich. Thefe eclipfes 
tnuft be obferyed with a good telefcope and a pendulum 
clo» which heats fcconds of half feconds. 

The oonfigtmuon of th|e fotellites of Jupiter at tea 
o’clock at night, in the year 1796^ are given in the Nau- 
tical Almanac, as in the following page ; an explanation of 
which witi rtndff the isth page ot that work inteHigiUe to 
a young ftudent for .any other year aud month* 
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On xho firfi day of the month, gi<^n above, the fecoii^ 
fatellite is eclipfed at ten at night } the firfl: &nd fourth fa- 
telUtes are on the left hand of Jupiter, and the third fatel- 
lite on the right hand* When a fatellite has north latitude, 
that is, when it is above the orbit of Jupiter, it is marked 
-with a point on the left hand, as ,4 j when the fettllitea 
fouth latitude, dr when they are below the orbit of 
Jupiter, they are marked a point to the right hand» 
as I. 5. 

On th^ Jicand day of the month, at the fame hour, :tlic 
fecond and fourth fatcllitcB are on the left hand of lupitcft 
bnd in north htitude ftmd the firft andriiird ate dn the right 
hand, in foflth latitude. * ^ 

Oh 'tlie day, the firftfatellite will ap^ar Ii!|^ a 
blight Ipdt dn tlfe dife bf Jupiter J the fecund f§ird 
•WilJ be oh the'fcft’huhd, in fonth latitude ; and the fodrth 
oh'the right *hand,tn north latitude. 

On the Jhitnth day, the four fatcllHes will appear in a 
Hraight and all in uoi th 'lathude ; the fifft, fecond, 
and roufth, bu the right %aiid (Sf Jupiter, and the 

third on the left. 

On the twlflh day, the fecond and fourth fatellitea will, 
be in conjiniAion, or appear as one ; the ftrft will he in 
north latitude, and tlie third in feuth latitude. Only t|iFee 
of the fatellitos wdll be vKibk, and all of them on the left 
baud of Jupiter* 

n, ' By 
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By obfcmrtions on the fatellites of Jupiter the progref- 
fire motion of light was difeovered ; for it has been found 
by repeated experiments, that, when the earth is exaflW 
between Jupiter and the fun, the eclipfes of Jupiter’s fatel- 
litet are leen 8 i minutes fooncr than the time predi^d by 
emulating from aftronomical tables, truly conftruded ; and 
when the earth as nearly in tht oppofite point of its orbit, 
thele eclipfes happen about Si minutes later than the time 
predi£lcd ; hence it is inferred, that light takes up about 
i6| minutes of time to pafs over a fpacc equal to the dia- 
meter of the earth’s annual orbit, which is 190 millions of 
miles, or double the diftance of the earth mm the fun ; 
for if the effv€is of light were inftantaneoiis, the eclipfes 
of the fatellites would, in all iituations of the earth in its 
orbit, happeu exadUy at the time predided by calculation, 

VIII. Of Saturn bp SatelKUi and Ring, 

Saturn ihines with a p:dl^ feeUe light, being tbefartheft 
firom the fun of any of the planets that are viiible without a 
telefcope. This planet when viewed through a good tele- 
Jtope, always eag 9 tjp$ the attehtipn of the young aftrono- 
xnei: fhe fingiilahty of its impearance* It is fiurounded 

by an interior and exterior mg, beyond which are feven 
fttdlites or moons, except one, in the fame plane iiritb 
the rings. ^ Thefe rings ana (atellites are all opamte and 
denfe bodies^ like that Saturn, and ihine only W the 
Wht which they receive from the fun. The dife of 5 atum 
is likewife crolM by oblcure zones or belts, like thofe of 
Jupker, which vary in their figure according to the diiec^ 
rion qf the rings. Saturn performs his revolution lound 
tMranin 10759 days s hooryi minutesii lecond8;hmCe 
Ids mean diftance from the fun is {107089032 miles * ; and 
httpiOgreffivc inotion in his orbit is 22072 milesp<rbour. 

The 

«Tor X0759dlh. 51 m- xi ike. = 9^9584^71 feconJs, the %are 
dfwluc^ is 86412691629060x44^ tbii divided by 995819704797^84, 
the ii^uaro of the iecoiids la a year (fee die notepaecrsp) givts 867.736958 
the Cuba root of which is 9.5581 18, tharehtivediftuce of Saturn ^rom ths 

Tun. 
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The inclination of the orbit of Saturn to the pkne of the 
ecliptic is faid to be 2^ 29" 50*, and the place of his afcend* 
ing node about zi degrees in Cancer *. 

.. ^atum, at his meafF-d^aucc from the eartht fubtends 
an angle of 20'* ; bence his real diameter is 78730 f milesv 
and his ma^itude g 66 times that of tro earth. The 
light and heat which this planet receives fitnn the fun is 
about Yoo II light and heat which the earth 

receives. 

According to Dr. HerfebeU Saturn revolves on his axis 
from wefl to eaft in 10 hours id min. 2. fee* and this aw 
is perpendicular to the plane of his ring. The equatorial 
diameter of Saturn, viz. the diameter in the direftion of 
the ring» is to the polar diameter, viz. the axis, as ix to lO. 

Of tie SatellHei of Saturn. * 

Saturn is attended by feven moons i the/ourti was dif- 
covered^ Huygens, a Dutch mathematician, in the year 
1 6jss» Ijie fecund^ tUrd^^d. &fih% were difeovered at 
different times, between the yem 1.071 ^nd. 1^5, by Ca£-. 
fini, a cekbrated Italian aftronomer. l^%eji»tb and jeventi 
fatdlites were difeoyered W Dr. Herfchd in the years, X7B7' 
and 1789* The two fateuit^ difeovered by I)r. 
are near# to Satuhi than die oth^ five, and tberefbid 

Am. Hencs 23882.84 X 9 J38tl8 rs 227797*346093x2, dHlance of 8s^ 
tun firom tht Amin ioml-diiinocen ol dio'taith ; ind 227797^6cpyz2 X 
39$a 907089032.^5 mAcs, tho taen diftnciror aotuiwlnm tns Aia. 

As 113 : $55 '• V 907<’8903a x- 2 r 5699408942-1238 Bite% drcowlll* 
xencoof the orliicofAaturn. Tneii, ' / 

As XO759 d, 1 h. yr in. 11 (ec. : .56^4^962 miles ^ t. x h. : 
mito idAn Ssrm moves ^ 

' ^.Tbe |di6i d Sirum^E afoeadingnodelbr the begimring of the year 
»50 wsi23<^32' 22^^ in CsBcei^ and ksvarkaion la xco yeatris 55' 30^* 

t 99708^32—95x01468 miles, the di{Unce of the ostth from tba^ 
0XX9W7544 miles diftance of the eanh from lupiter. iiu 

voMy, 8x1987564 t 20" ! : 95x0x468 : X70" .762, toe appurent dm* 
meter of Satnrn,s^ a dAUmee Awthe eanhoqual to that of the Amifbyiho 
note jage 130} 32 2'' : 886x49 270'^. 762 : 78730 miles, tU dia- 
meter of Saturii^ > 

.1 Found by dividing the suhe 0f the Mneterof Saturn by the enfaoUl!^ 
the dianiecer otthecu^ • 

11 Found by dSvidmg the fquave ' of the mm diAanet ef Stcnnrfimn ~ 
theijiB by die ifuare ^ the eanb'a mean diftance from the Am. 

H 4 flmuld 
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fliouU be ealled thc^^A^and fieond ; but to diftinguifli them 
fi^m the dtbcr fatellites, and to prevent confufion in refer- 
ring to former obfervations, they are called the (ixth and 
fe^nth fatellitcs. .The feventh fat^llite> which is neateft 
to Saturn, was difeovered a fhort time after the fixth. In 
the follov^diig table, the fatellitcs are arranged aocording 
to their n*fpe£tive diftances from Saturn, and the Roman 
figures in the left hand column (hew the number of the fa- 
The figures between the parenthefes (hew the or- 
der in wluch they ought to be numbered. 


t 



The firft, fccond, third, and fourth fatellitcs, as well as 
the fixth and feventh, arc aU nearly in the fame plane with 
^aturn^ring, and fire inclined to the gvbit *of Saturn ia an 
jtHgic.of about 3o,degL'm % b^t the orbit of the fifth fatel- 
llie is faid to make an angle.of 15 degrees with the plane of 
l^turci's ring. Sir Ifaac Newton conje6iured * thut thp 
fifth fu^'Uiie of S'dturii devolved round its axis in the .fame 
Igine tliat it involved about Si^tum j and the truth of his 
opiniou has been verified by the obfervations of Dr.HerfchcL 

Of S^urn* 4 Ringp 

f The ring of Saturn is a ttun, broad, and opaque circular 
rreh^ fttnourulmg the body of the planet without touching 
it, like the wooden horixou of an artificial globe. If tlie 
equator of tfae artificial globe Jbe made to cohsddejwith the 


^ Piinsifls, Sook III. prop. xvii. 


horizon. 
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hori^oiiy and the ^lobe be turned on it« axM frbm t<r 
eaft, its motion will rcprefent that of Saturn on iU axis, 
and the wooden horizon will reprefent the ring, el^ecidly 
if it be fiippofed a little rrtore dioant frotn the globe.^ The 
rihg of Saturn was hrft difeOvered by Huygens ; aiid when 
viewed through a goodtelefcope, appears double. Dr. Hcrf- 
ehel fays, that Saturn is encoropaffed by two concditric 
rings, of the followhig dimenfions. 

Inner diameter of the fmaller ring 
O uthde diameter of ditto 
Inner diameter of the larger tingt 
Outfide diameter of ditto, 

Breadth of the inner ring, 

Breadth of the outer ring, 

Breadth of the vacant fpace, or dark zone between 
tlie rings. - • - • • 

The ring of Saturn revolves round the axis, of Saturn,; 
and ill a plane coin^dent withiithe plane of his ei^uator, ia 
lo hours 31 min. 15. 4 fee. ring being a cmrle, ap- 

pears elliptical, from ks oblique poliuon ; and it appears 
moll open when Saturn’s longitude is about 2 figtie 1 7 de- 
grees? or 8 figns 17 degrees, llicrc have been various 
conjedlures rehtive to the nature and properties of thil 

. I X. Or THE GxoaciUM Sidvsi or HExscHBt^- 
. ' ami Us SattHiUs* Vi:if 

The Gedrgtan is the r^motell of all the known plants 
bet6ng{tig to the folar fyftem ; it was difeovered at Bath bv' 
Pt*. litrfch^ on the itth of March 1781. This planet is 
caDed by the Enghlh the Georgtum Sidus, or Gsorgiany a 
name by which it ia diftinguiOied in the Nautical Almanac. 
It is fequently called by foreigners HtsJ'cbeU ia honour x>f 
difeoverer. The royal academy of Pntffis, and •fame 
others, caQit Ourantu^ becaufa tW other planeta arei^lmcd' 
from fuch heathen deities as wmf relatives : tlnis, Ourdnvi 
the father of Satartr, Saturn the father of 
piter t&b &the^ ^ Mkrs, &c. This planet, wher vievsred' 

s K jf , tkh)Ugh 
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through a tdelcope of a fmall magnifying power* appears 
like a ftar of between the 6th and yth magnitude* In a 
very fiiie clear night* in the abfexKe of the moon* it may 
ia!%ef^hred| by a good eye* without a telefcope. Thoum 
tte^ Gmr^Um Sidus was not known to be a planet till tne 
time of Dr. Herfcliel* yet aftronomcrs generally believe 
that it has been feen long'' before bis time* and conudercd as 
a fixed ftar *• 

fOfacent a difcov^ of a planet at fueb an immen^ 
dMtiace* the theory of its m^^itudc* motion* &c. muil be 
in,(bme degree imperfed* Us periodical revolution round 
ttka ittn is mid to be perfomied in 30445 | days* or upwards 
^ 837ear8 : the ratio of its diameter to that of the earth* 
il« as 4.3a to 1 ; confequently its magnitude is upwards 
of^gbty times that of the earth. If the periodical revo- 
lution ot the Ueorgian* as above* be truly afcertained its 
difUnce from the fun may be determined by Kepler’s rule*, 
as ibr the other planets. 

The Geoigian planet is attended by fix fatellitifs ; their 
periodicaliyvolutionsandtimesofdifcovery are as follow : 
d. h. m. a 

I«orneareft,revolvesin5 2z ay o* difcovered in I7p8. 
IX. - * 8 17 1 19* difeoVered in 1787. 

III. « * 10 33 4 o* difcovered in 1798. 

IV. - 13 II 5 i{* dilcovrred in 1787, 

V. • • 38 1 49 o* difcovered in 1798/ 

VL - • 107 16 Q» diicovered in 1798, 

' AB thefe iatellites were, ^covered by Dr. Herfchel | . 
their orbits are faid to be nearly peipendki^r to the ecli^tict 
and* what is more fingular* they perform their revolutions 
rouiid the Georgian ^anet in a retrogiade order* viz. 
tntry to the order of the figns. 


‘A 

* AccerdhigtoF. de Zach*i account ofthit p'anet, In the 
tKa Aesdemy* 'X7S59 thero wia then in the Uhrary of th^ .Frincet ' 

•f OiSnge. fiawotdervatiMMi of thuplaDct confidered aa a Ihur, in a cats- 
lofpieof dhrervatim writteir by lycho Bfihs : but, ns T ycho was not. 
acquainted with the uft af te>efeo)ie!i, fome written contend that he co^. 
aor fee It t while others maintein that, an be hu maiktd data «|iidfc,iua 
not greater thaa this jjhiiet* he might wsftaialy hsvc ftsa Ifc . 



( ) 

Chaft£a 1L 

On tht Nature of Comets ; the Elongations^ Statioaary and 
Retrograde Ap^aranres of the Planets; of the Fhsed wrsi 
and the EcRpjes of the fun and Moon* 

I. On Com'bts. 

T hough the primary planets already defcribedy and 
their fatellitcsy are confidered as the whole ^ the 
regiihr bodies which {ojin the folar fyftemi yet that fyf* 
tern is {bmetimes vifitcd by other b<^ie8» called eometSf 
which are fu^ofed to move round the fun in elhpticat 
orbits. Thele i orbits are fuppofi^ to have the fun in one 
foci^ like the planets ; and to be fo very ecceptrict that the 
comet becomes invifible w*ben in that part of its orbit which 
is the fartheft from the fun* It is extremely difficuh to de- 
termine the elliptic orbit of a comet, with any degree of ac* 
curaev, by calculation ; for^ if the orbit be very eccentricf 
a fmall error in the obTervation will change the computed 
orbit into a parabola or hyperbola ; and from the thicknels 
and inequality of the atmofphere with which a comet is fur- 
rounded, telelipopic obfervatioos on them are always liable 
to error. Hence the theory of the orbits, motions, jcc« of 
comets, is v^ imperfed ; and though many volumes 
have Imn written on the fubjef^ they are chiefly founded 
on conjedure. The unexpedied appearance of the comet 
in 1807 fully confirms this aflertion, and wUl doubtlefs |^e 
rife to a variety of new calctilations, and new hypotbSes, 
which like former ones, for want of fufikient <hita, will 
difappoint the expeftations of fucceeding aftronoroers. 
l^e comets. Sir IGtad Newton f obferves, are com- 
pa&, fdid^ and durable bodies, or a kind of pla- 


* The laceft wmings cm of comets arc M.PIngre*t Comi- 

aaiSiiphie, in % volt. 410, and Henry Engleiield's work, entitled, •• Ob 
the XMwndiiiisQO cf the Olrbitt of Csmeuu*' A well wricten arUda on 
Comets may he ihen in Dr. ’Rees New Qyeh^dia^ together with the ele« 
meatt of nuMXy-leveti of them, and the names of the authori who have < 
cake! med their orbita. 

f Many hktncftmyg particulars rei^edling the nature of cometSr tsa* 
be lej^mcdhy tifllitiiig to the hittei of tlie third hook of New 
tortfAKUM. 


nett 
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■ nets which move in veiy obliqtie and eccentric orbits every 
way with the i^reaieft nredom, and preferve their motions 
30 exceeding long time^ even where contrary to the 
pf the planets. Their tail is a very thin and llcndcr 
vapour, emitted by the head «r nujeus of the cornet^ ignited 
or heated by the fun. 

II* Of THa Elongations, &c. of tiu interior 
Planets. 

Let T, E, r, (Plate IV. Fig. 8.) reprefent the orbit 
•F the cartli ; ^7, w, i*, x, J\ /j, the orbit of an interior 
planet, as Mercury or Venus, and S the fun. 

Let T rt profeut the earth, S the fun, and^ Venus at the 
time of her inferior conjundiou ; at this lime (he will dif- 
t)ppcar like tltc new moon, becaufe lier dai k lide will be 
turned toward# the earth. While Venus moves from a to- 
wards *iu flic appears to the weflward of the fun, and be- 
comes gradually more and more enlightened (having all the 
different phafesof the moon). When flic arrives at ti, her 
gicatcft elongation, flic appears half enlightened, like the 
moon in her firll quarter, at this time Ihe Ihinesvery bright, 
t'rom her inferior to her fuperior conjun^ion, via. froip her 
Htuation in that part of her orbit which is dircftly between 
^h$ earth and the fun as at to her iituation in that part of 
her orbit in which the fun is between her ahd the earth ; 
flic rife# before the fun in the raoruing, and is called a morn- 
ing llur. From her fuperior to her inferior conjiiniclioTi flic 
(hmcB iii the evening, after the fun fets, and is then calkd. 
sui evening flar. 

From the greateft elongation of Venus w'hcn weftward of 
fiin as at 1 ;, to Iut gjrcaU'fl cU)jigvit»on when eailwmxl 
of the fun, as at file wHl appear to go forward in .her 
orbit, and dcfcribi- the arch VVVHG an.ongft' the fixed 
ftars ; but from ^ to fhc will appear rt:tn>grade or re- 
lurti to the poi;it V in the heavens in the order GHWVv 
For when Vtntis is at /, Ihe will be feen amongft the fixed 
ftars at H, ueid when at^i» ihe wiH appear at G : when fhe 

« i he ittttion^ry and rctr^Tgiadc aprearanccs of the i^/erUr planeca, 
are neatly illufttaud b-y si Imall Ariery, made audfcld by IUdfri, Ww. ond 
S. N0.30, Ilclborn. 

arrives 
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arrives at A (he will a^in appear at H ih the heavens. 
Hence in a conliderabfi part of her orbit between J' and A, 
and between w and x» (lie will appear nearly in the faxne^ 
point amongft the fixed fhirsi and at tbefe times is laid to be 
Iftationary. 

When a planet appears to move from the neighbourhood 
of any fixed liars, towards others which lie to tlic eailward, 
its motion is faid to be //irrff ; when it proceeds towards the 
flars which lie to the well, its motion is retroj^tnde ; and 
when it feoms not to alter its pefition atnongll the fixed llurs, 
it is faid to be ilationary. 

If the earth Hood ftill at T, the planet Venus would feem 
to make equal vib ratio ns from tlie lun each way, forming 
the equal angles ^ TS and v TS, each 47® 48', her greateft 
elongation, and the Ilationary points would sdways be in the 
fame place hi the heavens ; but it mud be remembered 
that, while Venus is proceeding in her orbit from a towards 
,v, the earth is ^oing forward from T towards E 5 hence 
the ftationary points, and places of conjim6lion and oppo* 
filion, vary in eveiy revolution. 

What has been obferved with refpeft to Venus, may be^ 
applied with a little variation to Mcrcu^. 

III. Of THE STATIONARY AN» RETROGRADE Ap- 
PEARANCtS OF THE f/xTFRIOR PeANE^sI 

Becaufe the earth’s orbit is contained within the orbit of 
Mars, Jupiter, &c. they are feen in all fides of the heavens, 

. and are as. often in oppofitioa to the fun as in comundlion 
with him. Let the circle in wliich T is lituated (Plate IV. 
Fig. 8.) reprefent the orbit of tlie earth, and that in which 
Misiituated the orbit of Mars. Now, if the earth be at T 
when Mars is at M, Mara and the fun will be in conjunc* 
tion, blit if the earth be at / when Mars is at M, they will 
be iu oppoifition, viz. the fun will appear iu the eafl wlicit 
Mars IS in the weft. If the earth fto^ ftiil at T, the ino« 
ti >n of the planet Mars would always appear Jtrr^ ; but the 
motion af the eanh being more rapid than' that of Mars^ 
be will be overtaken and pafFed by the earth. Hence 
Mars will have two ftationary and one retrograde app^r- 
ance. &uppofe the^ earth to be at E when Mars is at M, 
be will be feen in the heavens among the ftars at isi ; 
* ’ aiid 
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and for fome time before the earth has arrived at £, and 
after it has pafled £» he will appear nearly in tlie fame 
pmpt m .w. he will be /taih»ary^ While the eartii moves 
tl^ugh the part £ r e of iu qrbit* if Mars Hood ftill at 
he would appear to move in a retrograde diredion through 
the arch m V r n, in the heavens^ aud would again be Ha- 
ttonary at » ; but if» during the time the earth moves from 
E to Mars moves from M to O9 the arch of reCrograda^ 
tion would be nearly m P rl 

TBe fame manner of realbning may be applied to Jupiter 
and all the fuperior planets* 

IV. Of the fixed Stars. 

The divifion of the Hars into conHellationS} the marks 
by which they arc diilinguidied, &c. have already been 
given among the Definitioos» from 1036.. 

I . The Motion of the fined Starts— AXi uie nxed ftars ex- 
cept the polar ftai> appear to have a diurnal motion from 
eaft to weft : this arift^s from the diumal motion of the earth 
on its axis from weft to eaft. The fixed ftart have allio a 
finall apparent motion about tliehr real places, arifing from 
the velocity of the earth in its orbit combined with the mo* 
lion of light. This motion is called the aberration of the 
fixed ftars, and was difeoyered by Dr. Bradley. They 
vary in their fituations by the preceflion of the equinoxes ; 
hence their longitudes, &c. vary confiderabiy in a feries of 
years, which renders it neceilary to have new jdates ^ en» 
graven for our celeftial globes at leaft once in about fifty 
yemrs. 

Majkelyne f that manyt if not all the fixed 

ftars, have fmall motions among themfelves, which are 
called \X\mprQftr mnt'wnt | the caufe and laws of which aile 
hid^ for the pruent, in almoft eqiud obfeurity. By compa* 
ring bis obieryations with others, be found the annual 
proper mptipn of tne follownig ftars, in right afeenfion, ^ 
to of Sirhur^'U 6 $ ; of 0''- 28 ; of Proeyon^ 

— o" .8 ; of Petfirjp,— o". 93 ; of Rcgulus ^ — c!\ 41 ; 

* Before Hie pu^t^atioa of Cvy*t Qlobef and New Dritidi 

Globes> there had beeii no new plates engraven dnee the time of.SeasDU 

f ^fspUnatiod of the tables, voU x. sf hh Ohjenieiimu^ 


of 
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of jirduruiy^ . 4 $ of « AqmU 4 > o'* • 57 ; ond Sirius in* 
creafed in.north pomdiftati^ -f t*' * 209 JrSsn^su -f 2* .oi. 

2 . QftbeMagmtudes% Di^anct% Ntastberi asul Jl;^aran€i' 

ibe fixed magnitudes of the fixed ftars will 

probably for ever remain xmknown ; xU that we can have 
any reaion to expeA, is a mere approximation founded on 
conjcdlure. From a comparifon of the light afforded by a 
fixed ftar, and that of the fun, it has been concluded that 
the magnitudes of the ftars do not diffir materially from that 
of the The different apparent magnitudes of the Aurs 
is fuppofed to arife from their different diftanccs ; for the 
young aftronomer muft not imagine that all the fixed ftars 
are placed in a concave hemifphere, as they appear in the 
heavens, or on a convex furface, as they are reprefented on 
a celeftial globe. 

From a leries of accurate obfervations by Dr. Bradley on 
y Draeonisf he inferred that its annual parallax did not 
amount to a fingle fecond % that k, the diameter of the 
earth’s annual ormti which knot lefs than 190 millions of 
mileSf would not form an angle at this ftar. of one fecond 
in magnitude ; . otf that it appeared in the fame point of the 
heavens during the earth’s annual courfe round the fun. 

The fame author calculates the diftance of y Draconii 
from the earth to be 400,000 times that of the fun, or 
3Byooo,ooo,ooo,ooamilpB ; aud the diftance of thearnr^ 
fixed ftar from the earth to be 409000 times the diameter of 
the earth’s orbit, or 7,600,00090001000 miles. Thefe dif* 
lances are £a immenfely great, that it is ixBMttlAe Ar 
the fixed ftars to (hine by the light of the fun refleded from 
their furfeces : they muft therefore be of the fiune nature 
with the fun, and like him flune by their own light. 

The numlxv of the fixed ftars is almoft infiime, though 
the number which .may be feen by the naked eye in the 
whole hesmns.does not exceed, and perhaps fklu fhort of 
3000 comprehending all the ftars mm the firft to the 
fixth magnitiide snelufive ; but a good telefcope, dueled 


• By addmg up the numbers of ftars in the third cohrain ofi 
Catsk^gksa St fe|Si 24, 25, 2^ aad 27, the fum wikijD 
fo 344ft* • 
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almoil indiflfer<?atly to any point in the heavens ; difeovers 
multitudes of ftars invifible to the naked eye. That bright 
irregular zone, tlie milky way, has been very carefully ex- 
siinined by Dr. Herfchel $ who has, in the fpace of a ciuari- 
ter of an hour, feen i r6ooo ^ liars pafs through the field of 
view of a telefcopeofonly 15' aperture. 

The fixed liars are the only marks by wliicli allronomers 
are enabled to judge of the courfe of the maveablc ones, 
becaufe they do not vary their relative fitiiations. Thus in 
contemphitiiig any number of fixed liars, which to our view 
form a triangle, a four-fided figure, or any other, we fliall 
find that tJiey always retain the fame rch'^itive iituation, and 
that they have had the fame fituation for feme thoufands of 
years, viz, from the earlieft records of authentic hiftory. 
But as then* afv few general rules without fome exceptions, 
lb this general inference is likewife ftibjedl to rellriAions. 
Several ll.irs, whofe fituations were fin'tnerly marked with 
precifion, arc no longer to be found ; new ones have alfo 
been difeovered, wliich were unknown to the aticients ; 
while numbers ieem gradually to vanilh, and others appear 
to have a periodical iiicreafe and deereafe of magnitude. 
Dr, Herfchel, in the Philofop Ideal Tranfaflions for 
has given a large colic dlion of fiats which were formerly 
feen, but are now loft, together with a catalogue of variable 

* ftars, and of new liars. 

The peiiudical vimtion of or B Perfity is aboilt 

• two days 21 hours j its greatefi bright nefBjs of the fecond 
magnitude, and leafl oF the fourtli. It varies from the- 
fecond magnitude to tlie fourth in about hours, and back 
ilgain iu the fame time, retaining its greatoft brigWtnefs for the 
remainder of its period* 

. 4 . The fixed fiars do not appear to be all regularly dflfehii- 
mted through the heavend; but the greater part of them* 
are coHeifted into clufters ; and it requires a large magni- 
iying power, with a ot light, to difiinguilb 

lepantely the liars umich eompole thrfe' cluftera. With » 

* Viiu?e*s AfiMncimy----This vaft muldtude of ftars, foett sndnuin- 
herea in fo fliori A jMilod of tims, apjiean almoa incrediKte, avit Wtfeld 

. Ee<|uirc the do^or tQ couxK upwards uf Z2S liars iu a Ucoud. * 
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fmall magnifying power* and a fmall quantity bflight, they 
only appear as minute \vhitilh fpots, like fnv«ill light clouds* 
and thence arc called nebaU* Dr. 'Heffcliel has given a 
catalogue of 2000 ftchulr^ which he has difeovered, and Is 
of opinion that the ftavry heavens is replete with thefe nrhul^ 
The larged nslula is the milky way* already noticed at 

^rom an attentive examination of the liars tyith good te- 
lefcopes* many which appear dnglc to the nuked eye, have 
been found to confifl of two, three, or more ftara; Dr* 
Ilcrfch:! by the help of his improved telefcopes ha» dif* 
covered near 700 fuch liars. Thus » HtrcultSy 'i » 

Geminorunif y yttnlromnh% fc HercuVts^ and many others^, 
are double liars : y I,yra^ is a triple liar ; and 4 XyrA, 

X OrioniSf and | Libra, are quadruple ilars 

V. On Sot,AR AND Lvnar Eclipses. 

jfn tclipfe of the fun is occalicmed by the dark body of the 
moon palling between the earth and the fun, or by the Iha- 
dow OT the moon falling, on the earth at tlie place where the 
obfefver is filuatcd hence all the^eclipfes oit thciimhappea 
nt the time of new moon. Thus, lei S reprefent the fun( riatc 
f T. Pig. 6« ), tn the moon between the earth and the Ijun^ a 
E G portion of the eafth^s oihit, e and /two phices pq 
the furfaceof the earfh. The dark, part of the moon’a.thadow 
is called the and the hgKt part ^ now it 

is evident that tf a ^C^tor be fituated in that pait of tli^ 
earth where the umbra falls,' that is betw'ccn e and thf re 
will be a total eclipfe of the . fpn at tliat place ; at r and / 
rn the penti'in&ra there w'iirbe a paHial ecUpfe $ and beyoud 
the peniunbra. theie will be no eclipfe. ,As the earth is not 

at the Tame dillance from tlie moon, if an eclblh 
Ihmud happen when the eaithls fo far from the moon tW 
the lines Fe and C f croft each other before they come to ^ 
the earth, a fpedator iitiiated.on.tbe eanh, iina discCl line 
between the centres of the fun and moon, would fee eng 
of light round the dark body of the moon, called an au-^ 
nuiar eclipfe ; wiien’ this happens there can be no total 
eclipfe any where, becaofe the mooif s umbra does not teach 


^ AAttuiomyiChsp. aziv. 


the 



t62 M SOLAR AKD LUNAR KCLIPSE9. Part It. 

theearth* People fituated in the penumbra will perceive a 
partial ecllpfe. 

According to M« de Sejour, an eclipfe can never be an- 
nubir longer than 1 2 min. 24 fee.) nor total longer than 7 
mitf. 58 fee. The duration of an eclipfe of the iun can ne« 
ver exceed two hours 

As the fun is not deprived of any part of his light during 
a folar eclipfe, and the moon’s ihadow, in its paflage over 
the earth fSrom weft to eaft, only covers a fmalJpart of the 
' earth’s enlightened heinifphere at once, it is evident that an 
eclipfe of the fun may be invifible to fome of the inhabitants 
of tJie* earth’s enlightened bemifphere, and a partial or total 
eclipfe may be feen by others at the fame moment of time. 

eclipfe of fhe moon is caufed W her entering the earth’s 
lhadow, and confcqucntly it muft happen when Iheisin 
oppofition to the fun, tliat is at the time of full moon, when 
the earth is between the fun and the moon. Let S reprtfent 
the fun (Plate II. Fig. 6.}, £G the earth, and m the moon 
in the earth’s umbra, having the earth between her and the 
fun ; DEP and HGP the penumbra. Now, the nearer 
any jmre of the penumbra is to the umbra, the lefs light it 
reeenres from the fun, as ir evident fipm the figure \ and* 
as the moon enters the penumbra before fhe enters the 
umbra, Ihe gradually lofes her light and appears kfs 
brilKant. 

The duration of an eclipfe of the moon, from her firft 
touching the earth’s penumbra to her leaving it, cannot 
exceed hours. The moon cannot continue in the earth’s 
umbra longer than hours sn ao^ eclip^» neither can ftie 
be totally eclipfed lora longer period than 1^ hour f . At 
the moon is aaually deprived of her light dunng an ec%fe, . 
cmy inhabitant iqHm the face the earth who can fee the 
UKKUn wfii.fee the eclipfe. 

V GiNRRAI. OnSCRVATtONS ON ECLtPSBS. 

If the o'rbit of ttfeeearth and that of the moon werebothin^ 
the fame plane, there would be an edl^fe of the fun at every , 
new moon, and an ecUple of the moon at every fuftmoon. But ; 


* Smerfon's Aftroosmy, 6s^ 7. pigs 347. f Il>. page 339. 

the 
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the orbit of the moon makes an angle of about c j; degrees 
with the plane of the oibit of the eatth> and crofles it in two 
points called the nodes : now, aftronomers have calculated 
that, ifthemoonbe lefs than 17^ zi^ from either node, at 
the time of new moon, the fun may be ecUpfed ; or if lefs 
than 11* 3^* from either node, at the full moon^ the moon 
may be eclipfed ; at all other times there can be no eclipfe, 
for the fhaaow of the moon will fall either above or below 
the earth at the time of new moon : and the lhadow of the 
earth will fall either above or below the moon at the time 
of full moon. To iOuftrate this, fuppofe the right hand 
part of the moon’s orbit (Plate II. Fig. (S.) to be elevated 
above the plane of the paper, or earth’s orbit, it is evident 
that the earth’s fhadow, at full moon, would fall belo^ the 
moon ; the left hand part of the moon’s orbit at the fame 
time Would be deprefled below the plane of the paper, and 
the fhadow of themOon, at the time of new mqou, would 
fall below the earth. In this cafe, the moon’s nodes would 
be between £ and a, and between G, and and there 
Would be no eclipfe, cither at the full0r new moon : but, if 
the part of the moon’s orbit between C and i be elevated 
riioye the plane of the paper, or earth’s orbit ; the part bc/^ 
tween E and a will be deprefled, the line of the moon’s 
nodes will then pals through the centre o£ the earth and 
that of the moon, and an eefipfe will enlue An ecliple of 

the fun begins on the weftem fide of his diic, and ends on 
the eaftem ; and an eclipfe of the moon begins on theeaft* 
cm fide of her dilc, and ends on the weftem. 

'Numbar or EcliBses in a Yiaa. 

The tverage number of e^pl^ in a year is foutf two of 
the fim and two of tho midih s and, as the ran a^ moon 
are as below the h^zon of any panicwlar place as they 
are above it, the average number of vifible eclipfes in a 
year is two, one of theTon and one of the moon ; the lunar 
eclipfe frequqitly haj^na a fortnight after tbe Iblar one, or 
the fighr one a/ortmght after theTooar one. 

« U yoUdtsw thirB^e 00 caid'ptfier. and cut out the niood, her 
ihadow snd orbit, fo as to mm on the iine s £ O Re. ihf sbovf Uhil^ 
nsdos will he reodered more fiunlliar. 


Th 
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Tbt mejl general number of eeUpfesy in any year ^ is four ; 
there anfomeiimes fix eclipfcs in a yettr^ hut there cannot fc 
more than feveuy nor fewer than tnuo. 

The Tcafon will appear,' by conficlerinpr that the fun can- 
not pafs b«th the noAes of llie nioon’a orbit more than once 
a year, rnaking four cclipfes, except lie ])afb one of thertt 
in the beginning of the year ; in this cafe he may pafs the 
fame node again a little before the end of tlic year, becanfe 
be ia about 173* days in palling from one node to the 
. other ; ' theix*fore he may return to the fame node in about 
5 ^546 days, wliicli is lefo than a year, making fix cfclipftij , 
Xstwel ive lunations f , or 354 'days from the etlipfv in the 
beginning of the year may produce a now moon beforie the 
year is ended, which (on account of the retrograde nnitloa 
4 >f tlie moon\s nodes^ may fall within the folur limit, it is 
poffiblc for fcven cclipfes to happen in a year, five of the fun 
and two of the moon* When the moon changes in either 
node, Ihe cannot be near enough to tlie other node at the 
time of the next full moon to be eelipfed, anti ih fix lunar 
months afterwards. Of abofit 177 days,, ftie u^ill change 
ncpir the dthernode j in this cafe there caimdt be Infdte thah 
twaeciipfes in a year, andboth of the fun. 

The cdiptic limits of are greater than thofe 

the moon, and hence there. \vill 'be more ’foUir than lunar 
eclipfes, in the Atto of ‘1*7“ 21 to. or iearfy 

of 3 to' 2 i but ftion? Idiiar t 9 mh. fdjAr'ecHjWes 4 re Teen at 
any gfren Jdaoe, becitufe a edltjifc’is vifible to ja whole 
hcmifphere at onc?e ATolm- ecHpfe is ■Wible'onl^ 

to a part, at has been obferyed b^re,^ and therefore there 
k a greater probability of folar eclipf^^ 
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^ TbenuMm^snndetbiive a fd»ogisad«;iiuaion of about degrees in 
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t year ((te'page 1^),; therefore the fun wfU have to move 

n) node to dw txher But it has been fiiewn 

jiT a preceding uote (Ibe^page 14), thtii the iimV ai>)vure it diurnal m 
about 59' in a day; hence 59^ : i d^y : : i;o‘\ : 173 days . > 

4 IMis, II times 29 d^s-is hottrs 44 min. jiec., Qr~^54 tia/s S 
♦uttts 4$ min. 3d fee*. . 4^ 


fART 


( i65 ) 


PART III. 

CONTAINING 

Problems ^crformei by tie and Ctlcjltal Ciobew. 


CflArTEA I. 

Problems performed by the Terr^rial Ghke. 
Problem It 

To find the Latitude o/'anyji^en Place* ' 

R ule. Bring the giv^ place to that part of tlie brafli 
meridian which is numbered from the equator towards 
the poles \ the degree above the place is the latitude. If 
the place be on the ttorth fide of the equator, the latitude 
is north ; if it be on thefouth fide the latitude is Couth 
On (bnall globct the laticuds of n jdace Cannot be found nearer than to 
about a auluter of -a degree. Each degree of the brafg meridbn on the 
liugcft g(r>bea isgeneratly divided iiitoxhree cqhal parts, each pjrt contain, 
iitg tAveinyReograplucjl miles; on luch globes the latitude may he found 
to !•'. 

Exami^les. What It the ktitude of Edinburgh 

Attjtocr, 56* north 

Required the latitudes of the following nlaces : 
Amilcrdam Ptomice ^ PKilaoeiphiA 
Archan^ Gfibral^ ^ Que|>oc 

Barcelona HambM^. Rto Janeiro 

Batavia Ifpahun Stockholm 

^Beijicoolen Laulaiinc Turin 

^Berlin Lfibbif, Vienna 

tamB ' Mhdras Warfaw 

, MadHd Wafhtngton 

J)aa|L4u, Slaples Wiltia 

P4na York 


5 Find 
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3. Find all the places on the globe which have no hti« 
tilde. 

4. What is the greateft latitude a place can have i 

Problem IL 

To find all ihofe placet mohtch have the fame latitude at any 
^iven place, 

Rulr. Bring the given place to that part of the brafs 
meridian which is numbered from the equator towards the 
polcsy and obferve its latitude ; turn the globe roundf and 
all places pafiing under the obferved latitude are tbofe re- 
quiivd* 

All places in the fame latitude have the fame lengiih of day and night 
and the fame real(>iis of the year, though, from local circumllancea, they 
may not haxe the iamc atinofpheiical ccniperatiure. See the note page 27. 

Examples, i. What places have the faiiie» or nearly 
the fame latitude as Madrid ? 

Aaftver, Minorca, Naples, ConfUnttnople;, Samaresnd, Philadelphia, 
Ic. 

2« What inhabitants of the earth have the (ame length of 
days as the inhabitants of Edinburgli ? 

What places have nearly the fame latitude as London i 

4. What inhabitants of the earth have the fame feafons 
of the year as thofe of Ifpahan ? 

5* Find all places of the earth which have the longcft 
day the lame length as at Port Royal in Jamaica i 

Problem IIL 

To find the hmgiiade of any place* 

Rolb. Bringthe given place to tim brafs iiieridiaii» die 
numbfr of denm on the eqtot^ reckoning from the nus 
ridian puffing through I^ondon tdRbe Imfs meriffiati, is 
longitude* If die place lie to the right hiind of the meii* * 
diun paftikg throu^ London, the Mgitude is eaft ; if to 
the lefthfd^tiMPdoi^ude is weft. 

On Adams’ these are two nms of^gwet above the epinitW4 

When the place fiet to. the right handofthefneridiMi efl«ndoiH the ion*' 
ghude muft ht coimtitf oothe upper line ^ when it lies to the left hesid^ 
k muU be counted en mfower lint. BariKui’s New Brithh Globes have 
sHbtwo roe s of figures above the equator, but the lower linekelwayttded 
Iniecfcoiiiiii the longitude. 

E*am.’ 


10 



dap. I. TJIE TIRBISTRIAI. Ctelt. 

Examples, i . Wlut is thelongitude of Peterlburg { 

Anfni. 30^" 

jB. Whdt IS the longitude of Philadelphia ? 

Anpivtr^ 75 

3. Requii^ the longitudes of the following placet : 
Aberdeen Civita Vecchk Lifbon 

Alexandria Conftantinople Madm 

Barbadoes Copenhagen Mafulipatam 

Bombay Diontheim Mecca 

Botany Bay Ephefua Nankin 

Canton Gibraltar Palermo 

Carlfcrona Leghorn Pondicherry 

Cayenne Liverpool Queda 

4* What is the greatefl longitude a phee can have ! 

Problem IV* 

Ta find atltbofe places that have the fame l^ghade at a given 
place* 


Role. Bring the given place to the btafs meridian, then 
all places under the (ame edge of the meridian from pole to 
pole have the fame biigitudi^ 

Anpeofrfe fictuted under the fume meridua from 66 ^ north latt* 
tude to 66^ 18 ^ ibuth Utitudo, have noon at the &mt time t oi^ if It 
be one, two, three, gr any number ef hours befure.or after noon with 
one parrrtilir place, it will be the fune hour wah every othar place fituated 
unJe** th ' fame meridjan. 

^JEi^amples. 1. What places have the famei or neariy^ 
the fame longitude as Stockhplm i 
4"fwer. Daiitric, PreflniiB, Taremo,che Oa^ of Good Hope, See. 

2* What placM have the (ante Ipngitude as Alexandria ! 
3. When it is ten o’clock in the evening at London, 
what inhabitants of the earth have the fame hour I 


4. What inhabitants of the earth have jmdni4;fat when the 
inhidiitaots of Jamaica have midnight ! 

5. What Places of the earth have tho £me loogitude as 

thpfcOowwgfliicM^ . . . . 

London Qu^yec The Ssndmefa i/land* 

Fekin DnbKi Fdew tO/ad* 


Fhoii.111 
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Fboblfm V. 

To Jind the latitude and longitude of any place. 

Rule. Bring the given place to that part of the braf* 
meridian which is numbcrea from the equator towards the 
poles ; the degree above the place is the latitude, and the 
degree ou the equator, cut by the brafs meridian, is the 
longitude. 

I hif problem is only iin exerciTe of the third, 

£xam p ICS. I . What aie the latitude and longitude of 
Peterlburg ? 

Anfivei, i..ititude 60^ N. longitude 3of® F. 

2. Required the latitudea and longitudes of the following 
places : 


Acapulco 

Cufeo 

Leith 

Aleppo 

Copenhagen 

Lizard 

Algieri 

l>uraz 7 o 

Lubec 

Archangel 

Elfinure 

Malacca 

Belfaft 

Flu/hing 

Manilla 

Bergen 

Cape Guardafui Medina 

Buenos Ayres 

Hamburgh 

Meaico 

Calcutta 

Je^o 

Mocha 

Candy 

Jaffa 

MoCcow 

Corinth 

Ivica 

Oporto 


Problem VI. 


To Jind any place on tie globe hanying the latitude and longU 
tude of that place given. 

Rule. Find the longitude of the given place on the 
equator, and bring it to that part of.thc brafs meridian which 
IS vmmbeit^d from the equator towards the poles ; then under 
the given kititude, on the brafs meridian^ you will find the 
piece required. 

Examples, i . What place has ijr eaft longitudct 
and 34^*fouth latitude. 

Anpzvt i . Belt Any B.(y« 

2 , What places have the following latitudes waA longi* 
tudes ? 

6 50^ 
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i(>9 

Latirudi 

PS. 

X.niigitu(los. 

{l.atiriidc 8 . 

Loniritudcs. 

50' 

6 ' 

N. 

5 « 54.' W. 

If 

' 26' Ni 

lOO* 

& 

W. 

4 a 

12 

N. 

16 16 E. 

59 

46 N. 

30 

19 

E. 

5 ? 

5 « 

iV. 

3 12 W. 

0 

13 s. 

77 

55 

W. 

51 

22 

N. 

451 E. 

46 

55 N. • 

69 

53 

W. 

31 

13 

N. 

29 55 E. 

59 

21 N. 

18 

4 

E. 

64 

34 

N. 

38 58 E- 

8 

32 N. 

81 

II 

E. 

34 

29 

s, 

18 23 E. 

5 

9 8. 

119 

49 

E. 

w. 

3 

49 

S. 

102 10 £. 

22 

54 S. 

42 

44 

34 

35 

.s. 

58 31 W. 

“35 

5 N. 

5 

22 

w. 

32 

25 

N. 

52 50 E. 

32 

38 N. 

*7 

6 

w. 


Problem VII. 


To find ihe difftrence of latitude between any two places » 
Rule, Br.ng one of tLe places to that half of the brafs 
meridian which is numbered from the equator towards the 
polos, and mark tlie degree above it ; then bring the other 
place to the meridian, and the number of degrees between 
it and tlve above- mark will be the difterence of latitude. 

Or, Find the latitudes of both the places (by Prob. 
Then, if the latitudes be both north or both fouth, fobtradt 
the lefs latitude from the greater, and the remainder will be 
the difference of latitude ; but, if the^Utitudes bo oae north 
and the other fouth, add them together, and their fum will 
be the difference of latitude. 

Examples. i« What is the difference of latitude be- 
tween Philadelphia and Peterfburg ? 

^ftpiirr, 20 dejrees. / 

2. What is the difference of latitude between Madrid 
and Buenos Ayres i t 

Anfxver. 75 degrees. » 

3 . Required the diffierence of latitude between the fol- 
lowing places \ 

Lioudon and Rome, ‘ I Alexandria and the Cape of 

Delhi and Cape Comorin. | Good Hope. 

Vera Cruz and Cape Horn. jPckjii and Lima. , 

Mexico and .Botany Bay. i’St, 8*1 v^dor and ^^uirjnan^ 
Aftracan and Borobaj. ’Wafb*iigtiin and Quebec; 

St, Helena and Manilla; ;Porto Bello and rhe Straits 
Copenhagen and Toulon. j of Magellan. 

Brel): and 111 vernefs. .Trinidad!, and Trincotndl^. 

Cadiz and Sierra Leone. jBcncooien and Calcutta. 

4. What 
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4. Wliat two places on the globe have the greateii diF- 
fereiice of latitude ? 

Probli-m viir. 

To Jind the Sijference oj longitude het^*een any two places. 

Rvl>&« Bring' one of the given places to the bnifs men- 
4km» and mark its longitude on the equator ; then bring 
the other place to the brafs meridian* and the number of 
■degrees between its longitude and the above mark, counted 
iQin the equator* the neareA. way round the globe, will Aiew 
the difference of longitude. 

Or, Find the longitudes of both the places (by Prob. 
IIT.) then, if the longitudes be both eaft or both weft, fub- 
trafl the lefs longitude from the greater, and the remuhider 
wiB be the diffeivnce of longitude : but, if the langitiides be 
one eaft and the other weft, add them together, and their 
fumwiU.be the difference of longitude. 

When lids fum exceeds 18a degrees, take it from 360, 
and the remainder will be tlic diffciYiice of longitude. 

ExAMfLES^ 1. What is the difference of longitude be- 
tween Barbadocs and Cape Verd ? 

Anptvf^. 41 * 48 '. 

3. What is the difference of longitude between Buenos 
Ayres and the Cape of Good Hope ? 

AnpU'fr, 76 “ 

3. What is the difference of longitude between Botany 
Bay and O'why^ee ? 

51'* 4?\ or 5t 

4. Required tlie difference of longitude between the fob 

lowing places ? . 

Vein Crux; and Canton. 1 Conftantinople and Batavia. 
Bergen and Bombay. . | Bermudas I. and I. of Rhodes. 
Colutnbo and Mexico. | Port Patrick and Berne. 

Fernandes I. and Ma- ffMount Heckla and Mount 
nfljt. ' I VefuvUis. 

Pclew li and irpahan. ^ iMouiit iEtna and Teneriffe. 
Boilon III Amcr and I'erlin. ^North Cape and Gibraltar. 

5. What is the greateft difference of longitude compre- 
hended between two placci. 

Pro- 
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Problem IX. 

To find the difiance between any two places* 

Rule. The rtiortoft diftaiice between any two placoa<%n 
the earth, is an arch of a great circle contained between the 
two places. Therefore, lay the graduated edge of the aua« 
chant of altitude o>er the two pfaces, fo that the diviuoa 
marked O may be on one of the placet, tlie degrees on the 
quadrant comprehended between the two placet w3I give 
then* diftance ; and if thefe degrees be multiplied by 6o, 
the prodiid will give the diflance in geographical mSrt ; or 
multiply the degrees by 69^, aud the produd will give the 
di (lance in Enghfh miles. 

Or, Take the diflance between the two phcetwitli a 
pair of compaffes, and apply that diflance to the equator, 
w hich will (hew how many degrees it coiitaiiii. 

If ttie dliltncc betw*een the tivo places fhould exceed the 
length of the quadrant, fl retch a piece of thread over the 
two places, and mark their diflance ; the extent of thread 
between thefe marks, applied to the equator, from the me* 
ridian of London, will mew the number of degrees between 
the two places. 

Sirn^tle ,is this furol/km mnj appear in theory, on a fiipet6cUl view, 
vcr. when apf^Vu'd to pra^iico, the difficulties which occur are almoift iniii* 
]>wril}[c‘. Ill liciliiiK ncrut's the tracklcls ocean, or travelling through ex* 
triiiivc and unknown countries; our only guide Is the compars, and ea- 
•‘ryt two placer l>o lituatcd directly north and CoiitK of each other, or upM 
the equator, though we may tratel or fail from one pUce to fhe oibar hy 
the cumpaAi yet we rtifiiwl rake the (bortvA route, as me^fiured by the 
4 u,ulrat)t of akitude. 

'I'o Ulultratc theft obfeivations hv examples ; Let two places be 
fitiiatcd in Ullruile 50** nofth, and diifermg In longicude 48>^ 50^, s^ich 
vviH nearly corretpOnd with the l.and’sKnd andthe eiftent oo&of New- 
ftmndlatuL 'I1ie arch of diftatice bi htg tligt of a great cirde, truly 
cakulatcd h^/^berital J0^49' 6'',..e^lial to geogra* 

phical miles, or il4i^>Eng}i»h miles :'hut, if a Ihtp fteer Arom the JLiand's 
r.fiddircdlyMraaii'ard, in the lackuiie of 50^ north, tdl her 
of longitudeJhe 4t'' 50% her true didance failed will be 
phical teUeS; ifx En(^i(h miles, miking a circuitous goiim itf 

4 geofrapthcat miles, of 46|. En^Kh luilec. lliole wim mnt ac* 
ajiamted with fpherical trigonometry atid the principles of 

It parts. 
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partif ^^rrat circhfatlinv^ know that it ij impfJJihL' to coildii^l a ihijj 
-exactly on the arch ol’ a great circle, except, as bei'oje obfurveJ, on tlie 
c^untur or a tneridian ; for, iu this example, (he mult be heeied through 
ait fhc different angles, from N. 70*" 49' 30' W. to 90 degrees, and con- 
tinue failing from thence through all the fame varieties of angles, till Ihc 
arrives at the intended place, where the angle will become 70'' 4'/ jv.", 
- the fame as at ffrft. 

• Siippofc it wcic required to find the ffiortcff d’dance hetivcon 

•the Uanrd, lat. 49'*57' N. long. 5“ 21' \V. and the Hhnid of Bermudas, 
lat. 3a® 35' N, long. 63* 32' W. The arch of n giv:it circle contained 
:>betwecn the two places, will be found, by fpcrical tiigonometry, to he 
45*’ 44', being 1744 geographical miles, or 3T78 Jinglilh miles. See the 
method ol' calculating filch problems in Kftil'j 7 'r /r^tfuometry, p.igc 269. 
Islow, for a Ihip to run this lliorted track, (he mull fail from the I.i/.ard 
S. 89*’ 29' W. and gradually IcfTen her courfe fo as to ariive at Bermudas 
•on the rhumb bearing S. 4^° 47' W. ; but this, though true in thcoiy, 
IS impractical^c ; the conrfc and diffance muff th>'re(ore be cakul.ited hy 
Afneaior's Sailing* 1 he diretft cuuifc hy ihc compafs will be found to he 
S. 68** 9' W., and the diliance upon that courve aHco geographical miles, 
or 3243 Hnen/li miles; making a circuitous courfc of j6 gtograpl.ical 
.miles, or 65 l^ngUffi miles. 

tv Jind tbf dijlatue httujtn any ttvo plates wbefe latitudes and /sff- 
gitudss are knoivnf in aider to travel or Jail fivm one place to the other ^ on a 
elireS eourfe hy the Mariner s coMjtaJs^i ike JoUoicing methods mujl he ufeJ* 

1. If the places bd fituatoiion the fame meridian, their dififererce cf la- 
titude will be the nearrjl dUtance between them in degrees, and the places 
will be exaOly north and louth of each other. 

, S« If the places be lituutcd on the equator, their difference of longi- 
tude will be the neatiji difiaiice in degrees, and the jdaccs vwill be exai^tly 
exit and wed of each ocher. 

3. If the places differ both in latitudes and longitudes, tlie dift.'incc be- 
tween them and the point of the compafs on which a perfon muff fad or 
travel, from tlic one place to the other, mud be found by MercaUr's 
Sailings as in navigation. 

4. If the places befituated in the fame ktitude, they willhedircftfy.e.’iff 
and well of each other ; and their difference uflungitude, multiplied by the 
atumber of miles which make a d^ree in the given latitude, aciOiding to 
’thelolltiwing able, will give the diftince. 
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l.at. 

tie 

IVii): s. 

1. n^'iith 
\ 5 iles. 

lief. 

l^at 

1 Cit'Og. 
Miles. 

Miles. 

Deg. 

Lac. 

Gcog. 

Miles. 

Knglilh 

Miles. 

0 

60.00 

69.07 

31 

4.1 

.^913 

61 

29.0.9 

33-45 

I 

i 

6 9.06 

.la 

^0.88 

.^8.51 

62 

28.17 

32.40 

2 


69.3,; 

.1:) 


5787 

63 

27.24 

3»*33 

.) 

: 5 )’ T - 

68.97 

34 

49.74 

57.20 

64 

26.50 

30*24 

4 

59 -«J 

6S.90 

3 .? 

4 Q -15 

5651 

65 

25.36 

29.15 

5 

. 59-77 

68.<S^ 

30 

48.54 

55.81 

66 

24.40 

28.06 

6 

‘ .5967 

68.62 

37 

47 -';» 

55.10 

67 

11-4 ? 

26.96 

'» 

595 s 

68..18 


47 - 18 

54-17 

68 

2\48 

45-85 

8 

59 - 4 i 

68.^1 

j 39 

46.65 

5362 

69 

21.5 

24-73 

9 

^926 

68.15 

40 

45-96 

5*85 

70 

20.52 

23.60 

10 

59 '^J 9 

67-!»5 

4 * 

45 .a 8 

52.07 

71 

19-53 

22.47 

ij 

^8.89 

67-7.1 

42 

44.59 

51.27 

72 

18.44 

21.52 

12 

58.69 

67.48 

4 

4388 

50.46 

73 

17-54 

20.17 

U 

58.46 

67.21 

44 

mSSO 

49-65 

74 

1654 

19.02 

14 

58.22 

6 >.95 

45 

42.43 

48.78 

75 

15.53 

17.86 


57-95 

66.65 

46 

4i.6}{ 

47-91 

76 

l 4 -.f 2 

16.70 

16 j 

57-67 

66.51 

47 

40.92 

47-06 ; 

77 


15-52 

17 

57-38 

65.98 

48 

40 . 1.5 

46.16 

78 

12.48 

14.35 

18 



la 

39*36 

45-16 ' 


n .45 

1.1 -' 7 

J 9 

56.73 

65.24 


38-57 

1 44.55 ’ 

80 

JO.42 

11.98 

ao , 

IMLi 



3 7 - ’6 

41-42 : 

81 

9.38 

ic.79 

21 

56.01 

64.4a 

5 * 

36 94 

42.48 ; 

82 

8.35 

95 » 

22 

55-63 

Um 

IBl 

56.11 

41-5.1 1 

8.1 

7 ’M 

8.41 

*3 

55 -a 3 

BSfl 

ul 

55*27 

40.56 • 

84 

6.27 

721 

24 

54 - 8 * 

63*03 

»1 

34.41 

.19 S8 ' 

85 

5-22 

600 

»5 

54-38 

6253 

56 

3 . 15 ^ 

38.58 1 

86 

4.18 

4^81 

26 

55.91 

62.02 

57 

3 2.68 

1 

87 

3.’4 

5.61 

*7 

X3.46! 61.48 1 


31*79 

36.57 1 

88 

2.09 

2-41 

28 

P- 97 : 60.93 

59 

30.90 

.15-54 1 

89 

1.05 i 

1.21 

29 

*^2.48 

60.35 i 

Ka 

30 OC 

34.50 I 

90 

1 0.C0 

0.00 


51-96' 

59.75 



1 he ahoVe uUe is calculated jihus : As radius is it the length of a de- 
p,ree upon the equator, fo is the co-fine of the given Ucitnde to the lengrti 
of a degree in that latitude, iacc this proportion illuftrated in Keith' x 
goncMfftry^ 249 . 
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Example:^- i* What is the nearrft diiUncc between 
the Lizard and the ifland of Bermudas ? 


4 dilUnce in degrees, 
lib' 

*700 

30 

15 

3745 gcugrajihu j] miles* 


43 j diftance hi degrees. 


ACS 

z:o 

M 


2. Whttt is the neareft diftaiice between ihr idand of Bfr- 
ii\udas and St. Helena f 


75i diftance In d.cgr«es. 
Co f 


7 j I diftanec in dagrcti. 

694 


4380 
30 

441c geograjdiicfll tnilcs. 

I.- 

513^} milci. 
j« What is the nearefl diftance between London and 
Botany Bay I 



154 dilUnce hi degrtea. 
60 

9140 gcograj'bical biUcs. 


154 diftance In degrcei. 

hi 
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4 « What is the dired diilaiice between London and Ja* 
't.jaaien, in geographical and ia^Eiiglilh miles ? 

5. What is tlie extent of Europe in Engliih miles, from 
^ XSepe Mata^n in the Morei^ latitude 3$^ 35' K. to the 

North Cape in Lapland, latitude 71* 50' N. ? the places 
sng fiituatiM nearly due uorth and fouth^ 

6. What is the extent of Africa from Cape Verd, lot. 
14''45'N. long. 17" 33' W. to Cape Guankfui, lat. ii* 
47' N. long. 51" 35' E-? 

7. What IS the extent of South America from Cape Blan- 
co in the weft to Cape St. Roque in the call ? 

9 . Sup- 



TKE TEAIUSTRIAL CLOBK. I7j/ 

8« Suppoie the track of « fttip. to Msidras be from the 
I^v/.ard to St. Anthony, one of the Cape Verd i/lands* 
thence to St. Hclciia, tlicnce to the Cape of Good Hope,., 
tfu'nce to the euil of the Mauritius, thence a little to the 
fenith-eaft of Ceylon, and thence to Madras ; lu>w many 
miles i(i the gild’s End from Miudnis i 


pROBLb'M X. 

.1 ptnet bf itt^ on ihe globf^ to find all places which arr 

/ituuted at the fame dijlance from ii as any other place*' 

Ruli'. I^ay the graduated edge of the quadrant of alti- 
tude over the two places, fo that the diviiiqn marked O 
may be on one of the places, then obferve what degree of- 
the quadrant ftands over the other place ; move th« qua- 
drant entirely round, keeping the divifion marked O in iti 
firil fituatiotiy and nil places which pafs under the fame de- 
gree which was obferved to Hand over the other placci will 

thofe fought. 

Or, Place one foot of n pair of compafles in one of the 
given places^ and extend the other foot to the other given 
place ; a circle deferibed from the firil: place as a centre, 
with this extent, will pafs through all the places fought. 

If thediitince between the two given paces Ihould exceed the length ot 
the qiiadianr, or the extent of a pair of compafles, Hretdi 4 piece of threwl 
over tile two pUces, as in the preceding problem. 

Examples, i , It iarequired to find all the places oil the 
globe which are iituated at the (ame difiance from London 
as Warfaw is I 

Anfnwr^ Kmiinglbarg, Bada, Pofegs, Alicant, lec. 

2. What places are at the (amie dittanee from London a» 
PeterRwTg is ? 

3* What places are at the fiime (kftasce firom Londoif^ns 
Couibmttnople is ? 

4. What places areatthe fiune diftanee from Ronmas 
Madrid is i 

Paofc 
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Problem XL 

Given the LuUiide of a place and its dtflance from a ^ivni place ^ 
iy find that place •whereof the latitude is fivetu 

Rule. If the diftance l>e given in Englirti or geographi- 
cal miles, turn them into degieea by dividing by 69 \ Ibrling- 
lilh mili’9, or 60 for geographical miles ; then pnt that part 
of the graduated edge of the quadrant of altitude wliieh is 
inarkedO upon the given place, and move the other end 
eaffward or vveilwaid (accoiding as the required place lies 
to the call or wlQ, of the given place) till the degrees of 
dillaiicecui the given parallel of latitude ; under tiie point 
of inteife^iuii^you v^ill find the plaq^i fought* 

Or, Having reduced the miles into degrees, take the 
fame number of degu^cs from the equator with a pair of 
coMipaflcB, and with one foot of the compalTes in the given 
place, as a ccutiT, and this extent of de^rccB, deferibe a 
circle on the gkibe ; turn the globe till this circle falls un- 
der the given latitude in the brafs meridian, and you will 
hnd the place reipured. 

ExamflI'S. 1* A place in latitude 60? N. is i^2o\ 
Englifh niilcH from I-iondon, and it is lituated in E. longi- 
tude ; required the place f 

Atju'ir. lUvKle i.iSO-J miles by 69^ milet, or, wbidi is the fame 
thing, 2 (HJ hfllf miles by linlf miles, the quotient will give 19 de- 
grees ; hence the required pbcc is Peterfburg. 

2. A place in latitude 32 N* is i350gcogi*aphicalmileE 
from London, and it is iituated in W* longitude ; required, 
the place ? 

Atifwer. Divide 1350 by 60 the quotient is 12^ 30^ or 12 degrees ; 
bffAca the required place is tlie point ot theinnnd of Madeira. 

3^ What place, in E. longitude and qi® N. latittiidc^- i$ 
1529 -Englilh miles from Loudon* 

4. Wliat place, in W* iunginideand 13" N. latitude, is 
3$6o geograpUcal miles from London ? 


Pro- 
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Problem XII. 

Given the longitude of a place and Its diflance from a given 

fdacct to find that place •tvhereof the longitude is given. 

Rule. If the diftance be given in Englifh or geographi- 
cal miles, turn them into degrees by dividing by 69} forEng- 
lifli mllf's, or 60 for geographical miles ; then, put that 
past of tfie graduated ed^e of the quadrant of altitude which 
is inurkfd O upon the given place, and move the other end 
nouhwardor iouthward (according as the required place 
lies to the north or foath of the given place), till the de- 
grees of diilancccut the given longitude : under the point 
of interfedion you will find the place fought. • 

Or, Having reduced the miles into degrees, take the 
fame number of degrees from the equator with a pair of 
compaffes, and with one foot of the compafles in the given 
place, as a centre, and this extent of degrees, defenbe R 
circle on the globe ; bring the riven longitude to the brafi 
meridian, and you will find the place, upon the circle, under 
the brafs meridian. 

Examples, i. A place in north latitude, and in 60 de- 
grees weft longitude, is 4239^ Englifti miles from London * 
required the place ? 

Anfiver. Divivle 4239} miles by 69I miles, or, which is the fame thh^ 
8479 half miles by 139 half miles, the quotient wHl give 61 degrees; 
hence tlie required place is the iQand of Barbadoes. , m 

2. ^ A place in north latitude, and in 751 degrees weft 
l^gitude, is 3120 geographical miles from l^ondon j what 
place is it I 

3. Apiece in 3xi degrees eaft longitude, and^fituated , 

fouthward of London, is 2224 Engli(h miles from it 5 rc- 
quirea the place ? ^ 

4. A place in 29 dejgreea eaft longitude, and fttuated 

fouthward of London, is 1529 £ixgU£ mUsp/rom it j i®*,, 
qtured the place ? ^ 
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Prdbjlem XHL 

Toj^aJ honu many miles make a decree of longitude in any given 
parallel of latitude. 

Rule. Lay the quadrant of altitude parallel to the equa- 
tor, between any two meridians in the given latitude, which 
differ in longitude 15 degrees'* 5 the niiinhcr of degrees iii- 
fercepted lietween them multiplied by 4, will give the length 
of a degree in geographical miles. The geographical miles 
may be brought into Engliih miles by ninltiplyiug by ui6, 
and cutting off two figures from the right hand of the pro- 
dud. 

Or, Take the diftauce between two meridians, which 
differ in longitude 1 5 degrees in the given parallel of lati- 
tude, with arpair of compaffes ; apply this diftance to the 
eouator, and obferve how many degrees it makes ; with 
which proceed as above. 

. Since die quadrant of altitude will menfure no arch truly Imtthat of a 
great circle | and a |»air of comiviffes will only meafiire tlic chord of an 
arch, not the arch itfelf ; it foHnus,.that the procediiiB rule cannot be 
niafheuiacicnlly true, though fufiiciently correct for pra^lical purpoies. 
When great cxa^bicfs is required, recourfe muit be had to calculation. Sec 
the table in the note to Problem iX. page i 

iTie above rule k founded on a fuppofitioii that tlie number of degrees 
eontained between any two 'meridians, reckoned on the equator, is to the 
number of degrees contained between the fame meridiam, on any parallel 
of Utitiidc, as the number of geographical miles contained in one degree 
of the eqimtor, is to the number of geographical miles contained in «»ne 
degree on the given parallel of latitude. Thus in the latitude of London, 
two places which differ 15 degrees in longitude are 9] degrees diliant by 
rbe rule, tienco, 

^ ry : 9i*' : 60 m. : 37 m., or rj® : 60 m. s ; ; 37 m. but 15 is to 

•60 as I is to 4, therefore, 1 : 4 : ; 9 }: 37 geographical miles contained in 
one degree. Now, any number of gcognphtcal miles may be brmight into 
&IRglilh luSes by miduplying by 69^ and dividing by 60 ; or by multi- 
pUingby 1.16, for 60 : 694 : : 1 - l.lb neatly 

« , * Examelcs. 1 . ^ow many geographical and Engliih 
a ik|pe iu the latitude of Pekin. 

jfjftver. Thelttitude of Pekin is 4O* north ; the diltance between two 
nu ridians in that latitude (whkli differ in longitude xj d^ecs) is 114 
degrees. Now, ir) degrees nndtiptied hy 4* produces 4a^ge«graphic«il 
nqiics for the length of • degree of lungitiHle, iu the latitude of Pekin ; 
and, if 46 he munlplied by f the produ^ will be 533A ; cut off* the 

* 1 ne mendiaas onXacy's globes are drawn tlirough every ten ctf- 
JMICS. The rule will antwer hn* thefe globes, by rCiuImg 10 degrees ibr 
13 degrtca, and xnultipKiDg hy ^ inffead of 4« 
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tffto right bund AgiircSr jnd the length of a degree in English miles will be 
53. Ua, by the rulcot three 15^ : 69 j m. : t 53 miles. 

2* How many mil^s make a degree in parallel^ gf 
latitude wherein the following places are fituated ? 

Surinam. Wafhington. Spitsbergen. 

Barbadoes. Quebec. Cape Void. 

Havanuah. Skalholt. Alexandria. 

Bermudas 1 . North Cape. Paris. 


Problem XIV. 

To fnd the hearing of one place from another*- 

Rule. If both the places be fituated on the fame pa* 
lallel of latitude, their bearing is either eaft^or weft from 
each other ; if they be fiUtated on the fame meriitian, they 
hear north and fonth A*om each other ; if they be fituated 
on the fame rhumb-line ^t'that rhumbdine is their bearing ; 
if they be not Atuated on the fame rhumb-line, lay the 
c|nadrant of altitude over the two placest and thatrliumb- 
hne which is the neftrett of being parallel to the* quadrant 
will be their bearingi 

Or, If the globe have no rhumb-lines drawn on it, make- 
a finall mariner’s comrafs (fuch as in PLitc I. Pig. 4.) 
and apply the centre of it to any given place, fo tliat the 
north and fouth points may coincide with fbme meridian ; 
the other points ^nll (hew the bearings of all the circumja- 
cent places, to the diftance of upwards of a thoufand^lea, 
if the centrical place be not far diAiant from the equator. 

£xa.mplesw I. Which way muft a ihtp ftcer &om the 
Lizard to the ifland of Bermudas ? 

Arf^uet, \V S.W. 

2. Which way muft a fhip fteer from the Lieard to the 
ifland of Madeira ? 

Attf^ter* S.S.W. f 


< > , v» *1 

• On glohei there sre two eompaiTfif drawn on rlw e4|ai>tnr^. 

•ench point W which may he called e rhnmb'line* bc^ diawo fo as to cut 
sHthe mcridiins io cciua) anglei^ One compals is drawn «m plese 

in ihe PncUSc ocean, between Amerim end New Holland ; ami 
in a fimilar manner, hi the Atlantic, between Africa aisd.S0ittkA]»«ti&^ 
There are ao rhumb-lines, neither on Cary’s, oar on < 

16 r* Srr 




iBo PROB1.EMS PERPORMED BY 

3. Required the bearing between London and the folio w- 


iiig places ? 
Amflerdain. 

Copenhagen, 

Peterfbiirg. 

Athens. 

Dublin. 

Prague. 

Bergen. 

Edinburgh. 

Rt):ne. 

Berlin. 


S* ijclriiolni. 

Berne. 

Madrid. 

Vi.'uii'.i. 

Bniflels. 

Naples. 

Warfaw. 

Buda. . 

Paris. 



Problem XV. 

7b Jind the angle of pofitton between the two p/aees. 

Rule. Elevate the north or fouth pole, according as the 
latitude is iiurl'h or fouth, fo many degrees above the hori- 
sson as are equal to the latitude of one of the given places ; 
bring that place to the hrafs meridian, and ferew tiie qua- 
drant of altitude upon the degree over it ; next move tjj^e 
quadrant till its graduated edge falls upon the other place ; 
then tlie number of degrees on the wooden horizon, be- 
tween the graduated edge of the qiiadi|int and the braf? me- 
ridian, reckoning towards the elevated pole, is the angle 
of pohtion between tlie two places. 

This fitnple problem has been the ocoafion of many difputes among 
writers on the globes. Some fuppofe the angle of pofuion to reprefent 
the true bearing of two places, via. 
fiat point gJ" tie (ompa/s upon ivbicb 
any prrfon n:ujt CGnfmtly fnil or travel.^ 
from the Gtte ftuce to the (tier ; while 
Oiliera contend, that the angle of po- 
fition between two jdaccs is very dif- 
ferent from their liearing hy the maxi- 
Bef'n emnpuiiu We HmU here endc.i. 
votfr to fet the matter in n clear )wint 
view. The annexed figure repre- 
feate a quvter of the fphere, itereo- 
grapbically' projeifed on die jdane of 
the meridian, wkh the half meri- 
dians and parallels of lutitude drawn 
through every ten degrees; P reprefents the north pde, andE Q a portion 
of the equator. Now, by attending to the manner of hndingthe angle of 
pohdon, as laid down in theibregoiiig problem, we fl»U bnd, that tin 
fuaJr^Kt ^-akttudfitht^tffrm tpe hfi •/ ^fpUrUal tri4tigle\ Pie iwe 

fjet 
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ftdes t<f •which iriargle are the eofftplements of the latitudiS of the fii-f pt.r.-ec^ 
a-tii the tical anf^U !s tht‘ir J'feri'n^e of longitude. 1 he ;:iV;lt'S at tilo 
b.tle of this iiinn;jle, are rhe angles of polition between the two 

I. IVhsn tit. iii’O plaCL are fituated pa the fume pataliel of lui:iu h. 

T or I’.vo places U and O »e fituired in latinidi* .50’ ni)rth, an-l 

in lonjjtodc 40 '50', wl.icii will nearly coricfpond wilii tlu- l/Oi Is b’lul 

•ukI tlie e'lrtern coaft ot Newfoundlai'd \iiee the hole to Proh IX.) 

and id* will be each 40 dv-^ree?, t’.'.e .ui.,le OPJ,, nvaUircd hy ihe .irch 

•Lu Q, w ill be 48 ’ jo'; whence the arch of iiearofldiii.tnce O « I . ir..)y h** fiuind 


(by 

rule 4, p. jiOi , A' 

i />'j Triguits-nt.-try) being 3'^® 

3 / '■ • 

le nn^leri.O 

t’Jii 

.'ll to J* (J 1.. the 

tii.iiude being iltjfceles, is 

4./ 3- 

■ 

the 

nudJlc point betwc-n I. and O, the Ijtitiuf 


11’ 1 •• f luud 

to 1 

JO 3 l'‘ 37' north, 

and the angles n L and i 


iy t .ri'Ies. 

No 

A , if .ill indc.*imte 

number of points be taU»*n 


of i!;e 

dr.int of l.^rirlldo. viz. on the arch 1. n O, tiK 

■ ' ..1 pc' 

•p b.'twccn 

1. rl 

i*id each of theft 

points will be N. 7o'‘ 49' 

W • hi 

it ir were 


poflih'c tor a Ihip to tail along the arch 1. n O by t’.:- lirT lati- 

tede would griidnally iiicrcafc between 1 j and fioai ^O' ' 'i« 

N.; and the coiirfes ilie mull (leer would v;iiy fiosn 7v 4-/jo"iitL, 
to yo‘* at «. In failine; fronm to O, ll:o mull djcrcalo her latitude from 
sr 37'' N. to 50'’ N. and her courfes ni nl vaiy iV »»n ^yd‘., or dircelly weft, 
to 70'' 49^ 30" ; but, if a thip were to fad along the parallel of btituda 
Jj tn O, hcrcouife would be invirtably ciii« we.t. Hence it foihnvt that, 
if two places be lituated <m the fame parallel of latitude, the angle ofpo- 
fition between them canirot leprefent their true bearing by the mariner’s 
compafs. 

Corollary. If rhe two places were fituated on the equator as at tv 
and Q, the angle of pulirion between and w, and between Q and all the 
intermediate points as at K, would be 90 degrees. In this cafe therefore, and 
in this only, the angle of portion ftiews the true bearing by the compafs. 

2 . If ihe two ptues differ both in latitudis and bngUitdes, IP 

Let L reprefent a place in latitude 5O'* N ; B a place in l ititmlc \ 3*’ 30' 
N., and let their difFeroiicc of longitude BpL, inu.duicdby the aruh i 
be 5^® j8'. 'riicjiiigl? ofpolition bctwcccn C andB (calcuhited by 'pf r- 
lica! trigonometry) will be found to be S. 6 S'* 3 7' W., and the anj.lc of 
poHtion between B and L will be N. 3S‘'5'E. ; whereas, the ilireil cour.c by 
the compafs from l.to B (^alcu!atc^l by Mercator s SuHing\ is S. 50® &' 
W., and from B to 1 ., it is N. .50 * (>' £. If we alfume any nuinb«'r of points 
on the aich h B, the angle of portion between l^;uid each of thefe points 
will be iovarhible, vi/.. P C v, P I.f, P L jf, P L x, P L f, 5 ir. are each 
equal to 68^57': while the angles of pofttion between eafb of chefe 
places and 1 ^ vrz. P e* C, P r L, P y JL, P x L, P r L, &c. are eon- 
timially dimintlhing. If a ihip, therefore, were to ftil from I/, on. a 
68® 57' W. courfe, by rhe mariner’s compafs Hie would never arrive RC 
and were (he to fnl from B, on a N. 38" 6^E. courfe by the' compafs, 
fhe would never arrive at I.. 

Henie an angle of pojlihn bettueen ttvo placet cannot reprefent their hear- 
tag, eacept thofe ' placet he on the e^uahr, f r upon the fame meridian. 

Exam. 
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Examples, i. What is the angle ofpofition between 
London and Prague i 

Afifirri . 90 (lej^rces fPiNn the north, toK'ards the eaft ; the quadrant of 
altitude will fall upon- the eait point of the htuT/oti, and pafs over nr near 
the following places, viz. Rotterdam, Frankfort,. Cr.icow, ^Ickzaknwr, 
Cafia, fouth part of the Cafpian fea, f^uaerat in India, M<dra.i, and part 
of the Hland of Cc) Ion. Henco all theic places have the f.iino angle of 
poKtion from 1 .omion. 

2. What is the angle of pofition between London and 
Port Royal in Jamaica ? 

I Anfti'tr* 90 degrees ironi the north towards the wed ; the quadrant cf 
ahhude will fall upon the well point of the hori/on. 

3* What is the angle of pofition between Philadelphia, 
and Madrid? 


At^wer. 6s deforces from the north towards the eaft ; tlie quadrant of 
attitudfi will fall tetweeu the £. N.E.and N. K«hr h. iiouu& of the ho- 


4. Reqiiin>d the angles of pofition between London and 
tlur foBowtng places i 

Amfteniam. Copenhagen. Rome. $ 

Berlin. Cairo. Stockholm. 

Benie. Lifl)oti» Peterfbiirg. 

Conihuithicipre.. Madras.. ^Quebec. 


Problem XVf. 

To Jihi the Aniach Periacif and Antipodes of any plaee^ 

Rule. Place the two poles of the globe in the horizon, 
and bring tlic given place to the rafteni part of the hori- 
zon t then, if the given place fee in nwth latitude, obferve. 
Ihtw many degrees it is to the northward of the call point of 
ti^'horizon ; the fame number of degrees to the Ibuthwartl 
of the eaft point will fliew the Antirci ; an equal number of 
degitwlf counted from the weft pointdf the horizon towaids 
the itoithV'wiB jhew the Peribcci ; and the fame number of 
degrees^ coiMed towards the fouth of the weft, irift; point 
out idbe Ant^^s. If the place be in fouth lattfiudn the 
fannveule w»i-ferve by reading fouth for north, andjbe 
contrary. b 

Or 
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Or thui : 

For the Antiteu Brin^ the given place to tlie brafs meii* 
diaii and obfcrve its latitude^ then in the oppoiitc hemif- 
pliere, under the fame degree of latitude, you will Bnd the 
Antccci. 

For the Periaeu Bring the given place to the brafc mir- 
ridinn, and fet the indet of the hour circle to i a, turn the 
globe half round, or till the index points to the other 12, 
then under the latitude of the given place you will find the 
Perioeci. HP 

For the Antipodes. Briiiff the given place to the brafs 
meridian, and let the iii£;x of the hour circle to 12, 
turn the globe half round, or till the index points to the 
other 12, then under the fame degree of latitude with the 
given place, but in the oppolite heinirpherv, you will find 
the Antipodes. 

^ Examples. 1. Required the Antcect, Periocci^ and 
Antipodes of the ifland of Bennudas \ 

Aupwer. A pbcc in a little N.W. of Buenos Ayres, if the 

Antocci ; the Periceci U a place in China N.W. of Nankin ; aii<l the S.W. 
jiart of New HolUiid isclic AiitipcKles. 

2. Required the Anttcci, Periocci, and Antipodes^ of 
the Cape of Good Hope ? 

3. Captain Cook, iii one of his voyages, was in 30 de- 
grees fouth latitude and 180 degrees of longitude f in what 
pait of Pliirope was his antipodes ? 

4. Required the Antoxi of the Falkland iflands 

5. RequirtMi the Pctitcci to the Philippine illauds ? 

6. What inhabitants of the earthy Autipodc$.jjM> Bue* 
nos Ayres i 

Problem XVII. 4 

To find at wbaf r/j/aper hour the inhahitanU o/arty ji>oen 

p/firr are carried^ from wefi to eafi^ hy the revolution of the 

earf^ ^n its axis* 

Find liow many milts make a deme, of 
tilde m tliiC latitude of the given place (by Probleiii 
which multiply by 15 for the anfwer *. - 

The reafon of this rote is obvibiii, fur, if mi he the 
eomaimd in a defree, we have 24 houxf ' 360^ X m«: : 2 hour ^>the 

Witnt 
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Or, Look for tlit* Ltitude of tlie place in the 

table, Problem IX, againfl which, you will find the i.umb.er 
of miles coiitiiined in one degree ; imilliply tl^.efe miles by 
15, andrejeft two figures from the right hand of the pro- 
duiJil: ; tlie refult will be the aufwer. 

Examplfp. I. At what ratc^i?/- hour arc the inbahi- 
tants of Madrid carrie d from weft to call by ti»e revolution 
of the earth on its axi^i. 

Arifii-cr^ The hitiiude ol Madrid b about 40^ N. v l.tre n dtpiSk; f f lou- 
pitiidfc liiejfurcs 46 gvo^rajd-ical, or 55 Kiighfli m 5 !c‘. .'iej h.xauiplc k 
!* roh JCill.) Now, >1,6 nuilti.died by 15 6;>o, aiiJ molii- 

plied by produces 795 ; hence the inh.ibit:inis of Madiid •■’ic cM’ued 
69 :> gcOi;rapluc;il, or 79,5 Eugbih miles per lour' 

£yihe TahL, Agsinlt tbelititude 40 you will find 45.96 grogiii[ibical 
miles, S5 Knghlh milei : Hence, 

45*96 X 15 — 689.40 and 52.85 X 15 IT 79 ‘- 7 J» the 

two light hand figures from each produtt, the lefuli will bo 689 geogra- 
pliical mile;, and 792 linglrti miles, cgietlng nenily with the abo\e. 

2. At what rate per hour are the iiihubitaiits of the fol- 
lowing places carried from well to call by the revolution of 
tlie earth on its axld ? 

Skalholt« Philadelphia. Cape of Good Hope. 

Spiubergen. Cairo. Calcutta. 

Pcterfbnrg. Barbadocs. Delhi. 

London. Quito. Batavia. 

Problem XVMI. 

A particular place md the hour of the day at that place being 
given f to find ivhat hour it U at any other plnce^ 

Rulf. Bring the place, at which the time !&, given, to 
the bra& meridian, .and fet the index of the hour circle; to > 
( turn the globe till the other place comes to the meri*^ 

•nfwer ; Ib^kconniined 15 times in i^ 6 o ; therefore, 1 
m : : X boiPto the iiAfw<Y : that is, on a fuppoOciou that the'Ctamturni 
on iu axis from weft to eaft tn 24 hours ; biu we have befeive oUeicved 
k turns on itsakis in 25 hours 56 tnln. 4 fee., which wiU make s fia^U 
4 iflference not worth notice. 

The it^ex insiy be fet to any hour, but I2 is the moft convenient to 
coi¥fB 4 t ftoni^iiai it » Immaterisf whichxxonthe hour circle the index kict to. 
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dun, and the hours pafled over by the index u 111 be the 
didcTcncc of time between the two placeb. If the place 
where the hour is fought he to the eaft of that wherem the 
time is givtn, count the difference 4 )ftime forward from the 
given hour ; if it he to the weft reckon the rce iff 

tunc backward. 

Or, without thf hour CjRclf. 

Find the difference of longitude between the two places 
(by Problem VI IL) and turn it into time by alJowirg ly 
d grecs to an hour, or four minutes of time to one degree. 
'J^hc drfference of longitude in time, will be the djffcreritc 
of time between the two places, with which proceed as 
above. Degrees of longitude may be turned into time by 
nuiltiplyiiig Dy 4 ; obferving that minutes or miles of lon- 
gitude, when multiplied by produce feconds of time, 
and degrees of longitude, when multiplied by 4, produce 
minutes of time. 

It hns been remarked in the note page 6, thnt fomc giolte) have two 
rnv > of figures on the liour citcle, others but one; this dtIfrTv nee fre- 
quently occftfions confufloii ; and the manner in which aiithoi s m ge- 
neral direti a learner to foWe thofe problems whMtin the hour curcla is 
ul U, lervet only to incrcili that confufion. In this, and in all the fuc- 
cccdmg problems, great Ciire has been taken to render the rules general for 
any hour circle whatloever. 

Examples, i. Wheii it is ten o’clock in the morning 
at Lioudon, ^hat hour is it at Peterjburg ? 

An/vf^r, 7 he difference of time is two hours , and, as P«.Cei:]fl|ptg is 
eaftward of London, thu difference n uft be coisnted forward, fu that it is 
twelve o'clock at noon at Peter Iburg. 

Or, The difference of lonjitude between Peterfburg and London is 

ai'i vduch mulH^ied by 4 produces \ hours 1 min. 40 fee. the diL 
ference of time (hewn butlm clacks of London and PrterAiwrg , heme, 
ffi )^eter(bisrg hes to the exit ^ Loudon, when it it cen oVIocr in cha 
m(Mniing at Loodan, >t is one 'romute and forty feconds pail twelve at 
Peterfb.irg. 

2 . it is two o’clock in the afternoon at Alexan- 

dria in^Bgypt, what hour is it at Ph9adclphia ?. 

1 he difference of tmic isfeven hours; and Pltfla- 
d^hdo^i hes^ to The weft of Alox.usdn.t, thisdiffetence muft beradundk 
bothwaid, fo that U is ieven o’clo in the morning at PniUdelph(a» I 
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PifTi III. 


The longitude nf Atexandru it i6' K. 

Ihtf longitude ol Ph 4 <Klcl|»liiii i* 7^ 19 W. 

DifTcniiri, ol lingitudr icj 35 


Difference of in timr 7 h 2 in. to fee, the 

tiocivst gt PhiUdelphia are ftonror than tbolc.it Alixandin; licocc» >vl r 
It Jt two o'clock in the iTc.iuoun at Alexandria, it is $7 nr. 40 Wt.. i.ili 
h\ in the morning at PliilgdelpIiM 

3. When Jt ix noon at London, what hour U it at CalciUfa^ 

4. When It is ten o’clock m the uioniin;; at I^oudon, 
w hat hour is it at Wafl\iiigton ? 

5. When it is nine o’clock in the morning at Jiimiu'ca, 

what o’clock is it ut ^ 


It was tour Hours ana nfty mmutes iiower tnan tne ciocrs 
there. Had it gained or loft during the voyage ? And how 
much f 

Problem XIX* 

A particular placi aaJ the hear afthe Jay Mng given to fnd 
all places on the gloie where ft is then noon% or any other 
given hoar* 

Rule* Britv the given ^lace to the brafs meridian, a id 
£et the index orthe hour circle to 1 2 ; then, as the difte* 
pence of time bel^een the «vrn and required places is aU 
vroiyz ^tiown by tAe probkm, if the hour at the required 
places be earlier than^e hour at the given place, turn the 
globe caftward till the index haa paiTeq over as many hours 
as aie equal to the given difference of time ; but, if the 
hour at the required places be later than the hour at the 
gfaien plaoe, turn the globe weftward tSl the index has 
paifed over as many hours as are equal to the given diffe- 
mcc of time ; and, in each cafe, all the phices naquired 
p i||ybe {band pqder the bmfs meridian.. 

Or, without thf hour ciacix.. 

** \ 

Reduce the difference of time between the ^^ven place 
and tlie required places into minutes ; thefe inmutrs, di* 
ffiiM by 4, wi8 jpvt degrees of hnighude ; if there be a 
ffllllpinder after £vidiiig by 4, multiply it by 6q, and di- 
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Chap* !• 


A7 


▼idc thr prodti£^ hy four^ the quotient mil br n\inute«i c»i 
miles of longitude. ITie difFemic<- ot longitude between 
tlie gi%en place and the required pltices being thus d( ter- 
niined, if the hour at tht rcquirctl pldcei be earlier than the 
houi cit the gi\cii place, the lequiied placi-s lit an inaiiv d« - 
grecs to the wciiwaid of the given place as are tqiial to llie 
difh rence of longitude ; if the hour at the rcquiied j»lat <*s 
bt hiUrthan the hour at the given place, the tequntd pla- 
ctb he as man) dtgntb to the taflwrard of the gl^*.n place tv 
arc equal to the difftrcncc of longitude. 

KxAMri.ii». z. When it is noon at London, at whaL 
places ift u \ pafl eight o*tlock 111 the morning. 

uittfuer *1 he difTtreiitc of time between 1 oiidoii* th*. pl^Let 
the required places* is 34 hours, and the ti at the required places is 
raWwr than that at Londtm 5 therefore the rcquind placet lie 34 h«w»« 
weftwtrd oflamdon % conrequendy, hy brwgingto J^ondoathe brats me- 
xidian, (citing the index tot*, and turning the globe eaftwanl tal the in- 
dex hiapefled over 3 J hours# ^1 the required places iviU be under the brals 
mcridnn, as the eatlern coafc of Newfoundland, Cayenne, part nZ Para- 
gua) , Ac. . . 

Or, T he difference of time between laMMion, die given place, and the 
required places, if 3 hours 30 nun. ^ . . 

The difflreriee of longitude between the given 
place and the required placus ts gd'. The 
nour at the required plaoef being eailicr than 
ihit at the given place, they be JA* 
ward of the glveir |daee. Hence, all placea 
fftuated In 51^ 3©^ well longitude from l.eB- 
donr are ^ fdaceifoiiilK, end will be found 
tn be Cqrennet &c. as above# 


^ b join. 
60 




% 

do 

^)120 


30 rti. 

3. When it iil two o'clock i» the ©fternocm «t London, 

what places is it \ paft Ave in the aftentooli ? * ^ 

Here'tfac differefict of tnne beCweSn lamdou, the ghrtii 
and the required plsces, is 34 hoels ; but the time at did required puMrae » 
hOert d|sn at Liinta# The onsration mil be as m eaao^e 1 , 

eqlytaefflobe miill be turned jf fours towards the weft, becattietlie re- 
gutredpirei win bem eaft IvHiglriide, or esAuud «f the 
Tile pbcetlougbf are the Cafpiiiifea, wefttrn part ed Nova Zemblt, tbe 
dbud of bocsftia, eaftem pare of Madagafoar, ftc. «« . 

it iftij pm four tn the aftomoonat Parfo, irhcm 
it it noon f 4 . 

4. When it it I paft feten in the morniag at 

whWe It It noon ! . 

5. .ySThen 
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5. When it is noon at Madras^ where is it \ pail iix 
o’clock in the morning i 

6. At fea in latitude 40'* norths when it was ten o’clock 
in the morning by the time-piece, which flicws the hour sit 
London, it was exadlly 9 o’clock in the moriiiiig at the 
ihip, by a correct celcftial obfervation. In m hat part of the 
ocean was the ihip ? 

7. When it is noon at London, what inhabitants of the 
earth have midnight ? 

8. When it is ten o’clock in the morning at liOudon, 
where is it ten o’clock in the evening. 

Problem XX. 

To find the Jun^s longitude {^commonly called the fuii*s place in 
the eclipUc) and his declinations. 

Kule. Look for ihejgiven day in the circle €>f months on 
the horizon, againil which, in the circle of figns, are the 
fign and degree in w’hich the fun is for that day. Find the 
fame iign and degree in the ecliptic on the furface of the 
globe 5 bring the degree of the ecliptic, thus found, to 
that part of tne brafs meridian which is numbered from the 
equator towards the poles, its dillance from the equator, 
reckoned on the brafe meridian, is the fun’s declination. — 
This problem mny be perf armed by the celejiial globe, vfing the 
fame rale. 

Orj by the abblemma. * 

Bring the analemma to that part of the brafs meridian 
which 18 numbered from tlie equator towards the poles, and 


■ * ^hc Analemma is properly an brtliographic projection of tile fphcrc on 
the plane, of the meridian i but what is called the Analemma on the globe, 
15 t Barrow flip of paper, the length of which is equal to the breadth 
of the tprtld^tone. It is pafled on Tome vacant place on the globe ih the 
torrid aone^end » divided into months, and days of the mornhs, cc»rrei pen- 
dent tckth^fun’t declination for every day In tne year. It is divided hito two 
fltfarta | the tight hand part begin*! at the winter lohtice, or Decern^ 
reckoned upvnu’ds cowards the fumnicr lohtice, or jMitg 21 1 |, 
tl^efi hand part begins, which is reckoned downward* id.a jSmilar. m»nr 
ner, or towards tlie winter follUce. On Cat y\ globes the AnsleD^a fo^po* 
what refembics the figure fl. It appeals to have l^een drawn sii^is.fl^pc 
, fot the convenience' of <hewln|^the equation of time» by Wans id g 

Which pufTls through the Kvbdk of it. I'lie. equation of time ii placed 
on Che boikon oi Bardin’s globes. ■ > 

^ the 
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the* dt‘gn*e on tlie brafs meridian, encaftly above the day of 
llie HKJiitli, la the fun's declination. Turn the globe Ull a 
point of the ecliptic, correfpondent to the day of the month, 
pafFes under the degree of the fun’s declination, that point 
will he the fun’s longitude or place for the given day. If 
the fun’s declination he norths and increafing, the fun's lor* 
gitude will be fomewlicre between Aries and Cancer. If 
the declination be decreafing, the longitude will be between 
Cancer and Libra. If the fun’s declination be fouthf and 
increafing, the fun's longitude will be between Libra* and 
Capricorn ; if the declination be decrcaling, the longitude 
will be between Capricorn and Aries. 

7 he futib lonc;icude iiiid drclimtiou are given in the fnftnd fingo of every 
month, in the Nautical AlrranaCi{x\t every day in that month ; they are 
likeuiVc given in PVhiic's Ephemniu^G/t every day m the yeir. 

Examples. i« What is the fun’s longitude and de- 
clination on the 15 th of April ? 

Anftvcr, 'riielinrs plane is m 'Y'^decliiiiition zo*' N. 

2. Required the fun's place and declination for the fol- 
lowing days ? 

January ai. May i8. September 9. 

February 7. June 11. Oftober 16. 

March 16. July II. November 17. 

April 8. Auguft I. December i- 

Problem XXL 

To place the globe \n the Janie ^iuation, with respect to 
THE 8U Sf as our earth is at the Equinox r> s, at /AditfuM- 
MER solstice, anet at the vriNTU'i solstice, and 
thereby to Jbeoa the comparative lengths of the longefl and 
Jbori^ days *. 

' f* For the Equinoxes. Place the two poles of the 
globe in the horizon $ for at this time tte fun has no decli- 

* In this problem, ts in sli rxhen where the pole it elevated 
HmVddt^Kndtion, the fun jt (Upffpfed to be fixedr and the earth to mnto 
'On HI wit firon weft to eait. The author of thb work hat a little tttaA 
hsii to reprefent the iun { thn baU is fixed upon .1 llrong iviro, tttd 
dfed, flIdSs out of a focket Hkt an aciematic teleCbopewN fiGO 
ibdbet if made to ferew to the brJUs meridian (of any glolie) over the 
'Mlii«tfiaii;>diid die little brafiball, rmefenting the fus, iUfidi ov«r,die 
^dedhtttJOB, ate confideraUe Munot oeunhtflobtA 

' Mion^ 
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fiaticm/ being in tht tqyxino&ifi iii the heavens ^hich is an 
IfAagiibtiy line ftanding Vertkally over tiie tquator on the 
UcfWp if ^efuppofe the fun to be hx^, at a confi- 
desable diftancc from tfto globe, vertically over that point 
of tbebrafs tneridian whidE is itari^ed O, it is evident that 
the vrooddtt horirou wiO the bokitidary of hj^t and dark- 
nefs on the globe# and that tiie upper hemiiphere wiH be 
enhj^teaed Srom pole to pole. 

Iwridiaiii^ Or iinesof longitiide# being generally drawn 
on the globe through every degrees m Ae eijuator, the 
lain wiR ab^Atfy pafs from one tneridjan to another in an 
hOun it you bfing the point Aries^ on the equator to the 
eallcm partof the horiaon, the point Libra will be in the 
V^efterftpart thereof; aud the fun avR aippcar to befetting 
to the inhabitants of London and to all places under the 
fame meridian : let the globe be now turned gently on its 
axis touviids the eaft, the fun wtR appear to move towards 
the weft, and# as the different places fnecefttvely enter the 
daiic hetnifphere, the fim wili appear to be fetting tn tlie 
weft. Continue the motion of the globe eaft ward, tfll Lon*, 
don comes to tlm weftent ed|^ of the honzem ; the moment 
It emerges above the horizon, the fun will appear to be nf. 
iiig in the eaft If the motion of the globe on its axis be 
conthiufd eaft ward, the fun will appear to nfe higher and 
higher, and to roo%e towards the weft ; when Loudoti 
comes to the brafs meridian, the fun will appear at its great- 
eft height ; And, after London hAs paflM the btvfe men- 
he wiU conituiue his apparent motion weftward, and 
groduidly ditnniifh in altitude tdl IdMSdbU oHinH to tlieeaft^ 
mi p«k of tlw boriaou, when he wdl agaia be fettingi 
|>aSiiig'lhis revolution of the earth on its aais s^ery pUi^ 
on^Sldbee bus b^twebe honn in sJie dark lie w^& no, 
ami hours iti thu enHghtcned hetpifpfaiese ; 

qtieuldt 0m dto* i^bd uighta afl^ cqmd# over ifm ) 
ofhtitiids 

AUd sit every of ktiMbmim 

are Cili merlal^ WwejtSu the eaftem pmt of bife hdeindsi 
mi4 the bf» mmwata t e«cb of thefts tbsibfitlm 
mm hmiVit hOtiSmknKih of ibedAy tl$t hodni^igHl 
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rka«ESTRUL CkOEf* 

If any {lUce bE brouj^btMibc br^ meiitoi the nimr 
bei of ae[jrroe$ betn een thiit j>iacc: aiifi the f^tEek<w4 

the ueaitHafay) ujlibe thefon^EHSieridtan "Thua. 


the ueaiiiL my } ujli be ttu 
if jLou4ai]l be hfougiit to tl 
appear exa^ly fouuw and i 


the men4iao, the tm tlie» 
udji be 


4f» in ever) place on the equator* as the «P9i itii 

aK«u ihi ^ fuu will be verticab At the Ca^ pt Oopd ipto^e 
the fuu wtll appear due north at mooii» ahd his aitliudo mH 
be 55 1 degrees. . 

a* Foe thf Subcmte SokSTfCE*~The^f«injiier Ibl- 

fttce, to the ixibabitantv of north t^^ppen^ On the 

aiftiof June, u lien the fun miters Caneeri at i^ltich time 
hib deottnation isa3'i8' north. Elevate aort,h pole 
23 * degree* above tbc nOrtheni^oint pf the horia^n^ hiiog 
the fign of Canpsrin the ecliptic to llie brats njeridiaO, 
over tlvat degree of th^ braft merldiau under tlilh nm 
ftands, bftvtheffin be/pppofed to be fiE^d at % confidera^ 
dtftanee from the glopc^ ^ , 

While the globe remaUH in this petition* it wul be fcco 
that the eouat^ur is e^Hy dividtsd into twp eijnal partSr thg 
eqtiinodlial point b^mg in the wcRcrn purf of tlm 
n4.on« andtm oppofiv^ point Xat>ra in the caSem part^ and 


twelve hour* lonip From the equator itortowa^ ^ jkr as 
the AM^<circ!|e* thtdfffv^tarrk / » 'tl qxtted tV 
mtha I iiy more than one half kS why <tt tVe pa. 
raUelii of bt' #o\« the an4 of eout/e 

MaflpMi^haUw^beUeW. (b areh» 

than the All^th« parajlM^ ofuaitn^r ^tthi 
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be wliollj below the horizon^ and the inhabitants, >if any, 
twiBgfit or dark tnght. 

' From a little attention to the parallels of ^ latit’jde, while 
thfis globe remains in this pbfition, it will eaftly be feen that 
the arehes of thofe pa^lfels which 'are above the horizon, 
north of the equator, are exactly of the fame length aa thofe 
below the libnzon, fouth of the eqiaator ; confequently, 
wl!^ the inhabitants of north latitude have the longeft day, 
' in fonth latitude have the -longeft night. It wiiy^j^e- 
vrile' appear, that the- arches of thoie parallels whicHare 
•above the horizon, fouth of the equator, are exa£Uy of the 
fame length as thofe below the horizon, north, of the equa^ 
tor I therefore, when the inhabitants who are fituated fouth 
of the equator have the.ftiorteft day> thofe w»ba live 'north 
of equator have the fliorteft night* 

By j^Qunting the number of meridians (fuppoliitg them to 
. be^drawn through cveiy fifteen degrees of the equator) be- 
the horizon and the brafs meridian, on any parallel 
of latitude, half the length of the day will be determined in 
that latitude, the double of which is the length of the day* 

1 * In the parallel of 20. degrees north latitude' there are 
fix meridians and two thirds more, hence the longeft day is 
13 hours and 20 minutes ; and, in the parallel of 20 degrees 
foUth latitude, ^cre an‘ five meridians and one third, henOe 
the fiiorteft day in that latitude is ten hours and forty mi- 
nutes. 


a. In the parallel of 30 degrees north latitude there are 
feveameridl^s between tb^ hofjzon^and the brafs meridian, 
lohg<^ft day 4^ 14 hours; and in the fitme^ degree 
of latiuulet there are only: five meridiaut^ hence the 
day inlhat btitilde is ten hours. 

of 50 degms north latitude tKefr^aie' 


irndm tfie faM 

degree bf.-fShth latitude there am ^ooly four mertduMUsj 
jtlw dayis ^*ght ^uris. 

l^Pfhith^ipacallel of 6b degrees bofth kti^udfi thdte sfcte 
dieridiHnH from horizon to the brafs meridian, -fence 
Ihc^ngj ft in the fame . iSi^^df 

ioi^h latitude thetd im oh^ mrtidiaii8, UM* length of the 

^Iborteft day is therefore ji hours. 

I By 
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the '^be genUy romd m tti 
i^heiiftvvre AmreaSily ]^ that thefon tvWhe'ver^^ 
tor afttfae Miibfwits mder ihr trci^tc of Ototet 
‘ cts'hceeffivifcly j^i 

If anv place it brought to the braftfniertdiask^^tltt 
^ ber of tfegrees between that phee and thetiorison (reefoned 
the noum way) wSl Aew the fnn'i meridian altittide. 
TlmsrOtl^fHioni the ftm’a meridiaa ahititdewfll be 
to be^dArtPat ‘ 62 degrees; at Peterihni^ 54I degrees, at.^Ma* 
^drid 73 degrees, ‘Sc. To the ihhlibitants of thefe j^bces 
therfon appears due feoth at noon. At Madrid tfaeTuii'a 
meridm altkmle wSfbey^l degrees, at the Cape t>fM«k^ 
Ht>pe 3a degrees, at Cape Horn ic^ tkgree^ The 
fan wiu appear dae north to the faJaSoitants ot tfaefephK^s 
' at noon. if the ^thenr afKtremity of Spitabergen, in* 
tade 7$! north, be^lirot^t to that part Of the brils ' meri- 
dian whkh is nurtibered&omtbe et|uator towardathe poles^ 
theftm^s meridian alrittide wHl - be 37 degrees, which ia iti 
greltM altitude ; andif the gldbe be turned eaftwatd twelve 
hours, or till Spitsbergen comes' to that part 6f the brafi 
tneridiaif which is-miimered from the pole towards the 
>«qttator, the fun’s allitdde will be 10 degrees, udnch is its 
4 caft idtitodc for the* day given in the problem. It was 
' Atewnyin the feregtnug part of the problem, thajt, when 
the fua is verrically the equator in the vernal equinoje, 
the north pole begins* to be enlightened, confequeptly^^e 
farther the fun appareiitly proceiMs inns courfe 
the*msire*-day 4 ight wfllhe difftdl^d over the portb^Iarro- 
gions, arid the inn Will appem^ eradtiaHy to incn^le in tdts* 
tade at the -.norths pole, till m lift June, ^heii 
greattfk heightts ^(degrees j'he Will then :g7^nally di- 
udnift in hmght?fflF tfie23d of Sept^ber, the time 6t the 
aatumtel equhicbc,^Mien' lie wlB astve the north pole add 
proeeed^owatds thedwth t eoiilhdNWo^y^t^ fun wbcM 
the north paid Id^'da'Aioh 

,3. Pof. THE Wt i<t A Bots tt th.~The wiatcif 
to the mbabitants of nbrtn latirtt^ happenv on the. aift 'bf 
Decehibdr,<^xen thb at wVtSilatt^ 

hstdeeluHitioii h at^^iPfo^. thddputiippli^ zil 
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f^^riKMidwve.tfae foul^w^ «f tbe horizon, Wkg the 
jBgti«£jC»upicom in the ecliptic to the btaft tneridtaiiy and 
enerthat degtee of the fatiu meridian ander which thiefijm 
ftands kt the fan be ihppofed to be fixed at a confideniole 
diftance irimi the dobc. 

Hereae at the lummer folfiice, the daya at the hqoatw 
Htdl be twelve houn long, but the equinoAial poitkt Ariel 
imU be in the eaAem part of dbe horiaon, and Lilm in the 
, wiAenu Fraitk the equator ibuthwaxd, aa &r ai the An- 
tari^ i^iircle, the erthtt will exceed the ttoBtirntl 

mrthut AH the saialhdi of ktif^ within the AnlarAic 
rinde wdl be wfaouy aboee the horizon. From the equator 
amrthwaid, the mSwnuU arehu will exceed the Aumat 


mrekt 0 , A^ the paralleli of latitude within the AiAic circle 
wS be wholly below the horizon. The inhabitants fouth 
of the equatw wQl now have tbev ktamft day, while4bo(e 
•tt the north of the equator will hare uicir ihorteil day. 

Aa tlie globe tuiMon its axis weft to eaft, the ftin 
will be vertical fucceffively tp all the inhabitanta under tl^ 
tropU; of Caprioorn. By briiqpog any place to. the bnrfs 


in fouoi Md the lean in the north ; contrary to 

what they' were before. Thus* at X>ondon, tlw fopi’s 
greateftal^tude wdl be oeiy 15 degrocs, inftead of 6a 1 and 
hia greatcft akitude at Oqpe Itom .will now beyy^ de^pees, 
hifteadof io|» as at the wnumfr foUHee : brace it s^eetua* 
^ dlihmeaqe between t|ie,rw*tgicateftandkiAtiw- 
sidiaualritiide^ any piiKeii| 4 |ut temperate aonesfia equal 
to the twraduof the toniilaqBe, riz. 47 degrees, or more 
Cpirefidy, 46* 56', On rim 2)d of September, whrii 
f0a,ancei»liHiM,lhat''ia,atthe'tiateof^inr6unlud eqoi. 

#iet<»ei«M« fm mdmtadmilf inereafe in iOMtuftt at 
^HtfOls I wr,«t|fltimes,hb dtitiA at cither peieiiimttal 
iplMdnc&MdMi. €ki^ ayldf X>eceiiftN7¥l[plini trill 
ftaMtlmgi'<Mtel| foirib desfiimtion, hfter wlarii Jl^'ifltitude 
acriw feuidk|fW>|||lfraAi^^ aa % tfocSwilfon 

» 
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clination is nqtlanp, be viU Wev tp ikim ak>9g Abe lMa> 
zon at tbe foutb'p^ fnd CKmte at the noith wlp^ 
fan las ibefefore been vifibie'ai the fontb jmefar fix 
inontbt. ’ , 

PaoBann XXii. ' 

To fine the gloit mtheJjnHe^fitnatifnf wiTtt llBS?a^ TB 
THB PoLAB StA% m the heavmr, tu tmr HtKik 

hduAitdntt of the e^atoTf itfet vix^to ilh^reitefhe 


j^etU^mlfhSrt^ rABALtBI.* <9»<fQ'»UQ|VM 

foAt to Jbevt the eompefedhee itnphofthemtg^fmi,fi^(t0 


doye 


V 


1 * Fob THB Riont Sbmbbb.— «T he inhabitMta tab* 
live ppon tbe e^tor have » v^ht {pi^, and tbe nmtb 

palar 

m i — ni»wnw>«veiJni M« >ni^i i i it e m eiw n w n i >Ae l m ei iw M ai— I i 

- * 

P III this prAlsnte sn4 m tSL tMhmt vhare the 1^9 to the 

IstkudtQffgtvanphwe, th^ eidttii it fiimlbd tp U fixetf fan to 
movomindit firoih mttio tirslh Wheik ih* |^eii jplsco lsteoh|lie I6dil 
iNwfii toMitfi, ^owoodMitewoo IS the krno stooMil hoshsii^ et 

dtoe» Inti n 4 m not i«]iiriio the |Mt of tloiilDh«i&ot!A4bi 

^ffcpirc as b tlt» probl^ iluhni Wabos», 

In phUa(b)^irt in his <• Incrodu^Mh k» Ocafrohy**! 4SQiMwes tf 

this t»mo4 of^ olmtiiig clic 1^9 la^: SCpn^c^ and persmev^ 

tmsiib 
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ht9 apparent diurnal path will be over that line : when the' 
f\xn ha^ ten degrees'bf north declination, h{s nppkrent diur^ 
nal path willh^ from- eaffto'weft' nearly along ^tparalfeh 
tt^hcn tlje tixa has aiTived at the trbpid of 'Cancer^' ma diuft 
nal path in the heavens will be along that line, and he will 
he vertical to all the inhabitants on the earth ih latitude 
330 28' north. The inhabitants upon the equator will al- 
ways Iiavc twelve hqur^ diy' and tW6lv6 hours night, nqi* 
wjthiftiindkg the vaViation of the fund's decGnatton from 
north to {puth, dr from fouth'to north ; becaiife tbe'paraU^l 
of iatitddc wlpch thjp fun apparently defcfihcs foi* iny day* 
will always he* cut * into two equal parts ty^the horizon* 
Tfe greatefl meridian altitude 6 ( the fuh’ w/iH be 90% and 
the ic^ft i 56 * 32'* During one half ofthe yeair^ an' inha^ 
bitant on the equator 'wilt (ee thS fnn faH north at noon, 
and durijig the other ' half it \iill be full fduth* 

2 . Ifoa THE* TAaA*L\.tL $p,nEftE.— The inhabitants 
(if any)' who live at ndtth pdfe^have A paraQcdfpho# 
iind '^ nor^h polar fthr in the havens appears' esaftly 
fcTr ’nearly ), bVeir thfir hwdfc Elevate the noitfc 
p^e ninety d^gms honzqnr then the equator 

will epfnexae w^ the¥oi%coh; imH Wtbebai^dk^ of lati- 
|Jqdc\ffl Dje Tn'^ lSit foron^r halfy^ 

that » frtm trie ycttial ' ab^umhaf* fequfeox, the' fuh 

imU appear above the hdriz)^^ cb'^^di^tly the 'ftatis 
planets be'lhyilible duHj^that'bmpd. Whedthc (an 
efiters Am^on thiTiilf c 3 P March, w will be fern by ihte 
(iihabiMnU of iihe yrth pole tlTthm be any jbbabitanes) 
fo alohg'the ' odgb '*ht the horiidn ; «nd, as hdlri- 

j^re^s m ^eclihacion, he wdlindreafe in altitud^, Toraxiog 
a hija^ fpiial, asSeforb dtfcrfteA by wrapring a thread 
round'tke globe. The fun^i s^itiide At anypartfeukr hour 
‘ aualto hb" d^thaiidn. IPhe” greafefl: ahitud^ 
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the lua a fliort time after the autumnal equinox, yet the 
twilight will continue for nearly two months ; for the fun 
will not be iS^ below the horizon till he citterb the 20th of 
tcorjjio, as may be feeii by the globe. 

After the fun has defcended below' the horizon, all 
^ he liars in the iiortlierii hemifphere will become viiible, 
/ind appear to have a diurnal rtwoUition round the earth 
from call to weft, as the fun appeared to have when he was 
above the horizon, I'hcfe ftara will not fet during the 
winter half of the year ; and the planets, when they are in 
any of the northern figns, will be vilible. The inhabitant 8 
under the north polar liar have the moon conftantly above 
their horizon during fourteen revolutions of the earth oiiitt 
axis, and areveiy full muon which happens, from the 23d 
of September to the 21ft of March, the moon is in fomc of 
the northern iigns, and confequeiitly viftble at the nortli 
pole ^ For the fun being- below the horizon at that time, the 
inooii mull be above the horizon, becaufe ihe is always in 
that figi) which is diametrically oppofite to the fun at the 
time of full moon. 

When the fun is at his greateft depre/IIon below the ho* 
rizon, being then in Capricorn, the moon is at lier First 
(Quarter in Aries : Full in Cancer; and at her Third 
Quarter in l^ibra : and as the beginning of Aries is the 
nting point of the ecliptic. Cancer the higheft, and l^ibra 
the letting point, the moon rifes at her First Quarter 
in Aries, is moft elevated above the hori/oa and Full in 
Cancer, and fets at the beginning of Libra in her Third 
Quarter ; having been vilible for fourteen revolutions of 
the earth 0x1 its axis, viz. during the moon’s paftage from 
Aries to Libra. Thus the nortli pole is fupplied one half 
of the wintertime with conftaiit moonlight in the fun’s ab- 
fence ; and the inhabitants only lofe ftght of the moon fron. 
her Third to her First Quarter, while (he gives but 
.little light, and can be of liule or no fervice to them., 

3. For the 0»LifeUK Sphere.— ^Whenever the ter- 
reftial globe is placed in a proper iituation with rc^efl to 
the fixed ftars, the pole muft be elevated as many degrees 
above the horizon as are equal to the latitude of the given 
place, and the north pole of tlie globe muft point to 

the 
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llic north polar liar in the heavens ; for in failing, or tra- 
velling from the equator nortlnvurd, the north polar liar 
appears to rife higher and higluT. On the eouator it .will 
appear in the horizon ; in ten degrees of north latitude it 
will be ten degrees above the horizon ; in twenty degrees 
of north latitude it will be twenty degrees above the hori- 
zon ; and lo on, always increahng in altitude as the lati* 
tade iiicreales. Ever)* inhabitant of the earth, except thofe 
who live upon the equator, or exadlly uiidtr the north polar 
liar, has an oblique fphere, vi/.the equator cuts the hori- 
zon obliquely* By elevating and deprefitng the poles, in 
fevcral problems, a young lludent is fometiines led to ima- 
gine that the earth's axis moves northward and fouthward 
jull as the pole is railed or depreifed : this is a miflake, the 
earth's axis has no fuch motion In traveling from the 
equator northward, our horizon vaj*i< s : thus, when we arc 
on the equator, the northern point of our horizon is ex- 
actly oppoiite the north polar ftar ; when we have tra- 
velled to ten degrees north latitude, the north point of our 
horizon is teadegrees below the pole, and fo on : now, the 
wooden horizon on the terreftial globe is immoveable, 
otherwifeit ought to be elevated or depreiled, and not the 
pole j but whether we elevate the pole ten degrees above 
the horizon, or deprefs the north point of the horizon ten 
degrees below the pole, the appearance will be exatily the 
fame. 

The latitude of London IS about 51 J degrees north: if 
London be brought to the brafs meridian, and the 
pole be eh vated 514 degrees above the norlii point of 
the wooden horizon, then the wooden horizon w'ill be the 
true horizon of London ; and, if the artilicial globe be 
placed exa£lly north and fouth by a mariner’s eompafs^ 
or Lv a meridian line, it will have exa&ly the portion 
W'hich the real glohe lias. Now, if we imagine lines to 
be drawn through every degree f within the torrid zone, 
parallel to the equator, they will nearly reprefent the 


■ * The earth’s axis h.isa kind of librating motion, called the nutiatim 
but this cannot be reprelentcd by elevating or depielling die pale. 

Such lines axe drawn on. Adams* gb. be-,. 

K 4 fun^s 
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iun’s diurnal path on any given day. By comparing thefe 
^umal paths with each other, they will be found to increafv 
in length from the equator northward, and to decreafe in 
length from the equator fouthward ; confoquently, when 
the fun is north ot the equator, the days aiv increniing in 
length ; and when fcnith of the equator, the days are de» 
creaiing. The fun's meridian altitude for any day may be 
found by counting the number of degrees from the parallel 
in which the fun is on that day, towards the horison, upon 
the brafs meridian ; thus, wheiv the fun is in that pamllcl 
of latitude which is ten degrees north of the equator, his 
meridian altitude will be 48^ degrees. Though the wooden 
borixon be tlie true h&riax>n ox the given place, yet it does 
not feparate the enlightened hemifphere 01 the globe from 
tiie dark heinirphere, when pole is thus elevattd. For 
inftance when the fun is in Aries, and London nc tiie n\eri.< 
dian, all the places on the globe above the horison beyor.<> 
thofe meridurns which pafis through the eaft and weft point* 
thereof, reckoning towards the noitlt, are in darkaefs, imdI- 
w ithftaiidiug 'they arc above the horizoa | *nd all place* 
below the horizon, between thofe fame morhUam and the 
fouthern point of the hoiizo% bare day-l^t, notwiftllw 
ftauding tney arebekiw the Itorizon of Lofkkm. 

PaOBLBM XXIIL 

TJ^e tkenii and itM of the mon^b being gmnf to Jhd attflncet 
if the earth vthere the fun sr vertical on fiat dag ; thofe 
places where the fisn doei notfet, and thofe places where bo 
dote not not rfe on the given day* 

Rote. Find the fun's declination (by Problem XX.) 
t&t l^e ^Iven day, and mark it on the brais meridian ; turn 
the globe found on its azls from weft to eaft, and ^ the 
il^laeefi which pafs under this m:uk w ill hare the fun vertical 
on that day. 

Secondly* Elevate the north or fouih pole, according as 
the fun's declination » iiortli or kuith, fo many degree? 
above tb* horizon as are equal to the fun^* deeHttaSon ; 
turn the globe on it* axis from weft to eaft ; tben, tatbofe 
places which do pot defeend below the horizon, in that frigid 

ZOUP 
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zone n^r .the elevated pole, the fun docs not fet on the 
Mvcn day : to' thofe plades which ite hot'^fcehd above 

the horizon^ in that fri^d zbne a^oinhi^ to tfccf dqpitfled 
pole, the fun does hot rft on the liayi*' " 

Or, bt the analemma. 

Bring the analemxna to that part of the brafs meridian 
vrhich ia numbered from the equator towards ’^the poles^ thfe 
degree diredlly above the day of the hibnth, on the brafs 
meridian, is tne fun^s declination. £l6vlLte the noj^ Or 
fouth pole, according as the fun^s doclihatioh is north Or 
foutli, fo many degrees above the horizon as are ^qual to 
the fun’s declination ; turn the globe on its axis frain Wedt 
to eaft, then to thofe places which pafs under the X^ifs ‘de- 
clination on the brafs median the fun will be veAiM ; to 
thofe places (in that frigid zone near the clewed pole) 
which do not go below horizon, the Am ddes not fet ; 
and to thofe places (in that frigid zone near tlie depreffed 
pole) which do not come above the horizon, the fun does 
not rife on the giveii day. 

Examflcs. 1. Find all places of the earth where the 
Ain is vertical' on the iith of may, thofe places in the north- 
frigid zone w'here the Ain doeS not fet, and thofe placA 
in the fouth frigid zone Where he does not rife. 

Attfimr4 The fun is vertical to St. Anthony, one 6l' the Cape Verd 
ifl.,nd6, the Virgin Iflands, fouth of St, Doininj;d, JamsH^s, Golconda^' Ac. 
All places within eighteen degrees of th^ north pole will have conflant 
diy ; and thofe ^ifsAny) wkHin eighteen ticgrecs of tbe Touch pole wiIHuva 
^(bnt riieht. ' ‘ 

2. Whether does the fun Ihine over, the north orfouth^ 
pole on the 27th of of Qciober, to what places will he be 
vertical at noon, what inhabitants .of the earth will have the 
Jufi .below tbdr horizon during feverar i^eyolutions, and 
to what part of the globe will fun ne^er. fet on.tlipt. 
day ? 

3. Find all the places of the earth where the inhabitants 
have no ihadow when the fun is on their meridian, , on the 
Aril of Jane. 

4.. WARt inhabitants of the earth have their^ (hadpws di« 
relied to evety point of the compafs during a revolution of 
the earthon its azis on the icthof July ' 

E 5 5* How 
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5. How far does the fun flrine over the fouth pole on the 
Y4thof November, what places in the north frigid zone 
are in perpetual darknefs, and to what places is the fun ver- 
tical ? 

6. If the fun be vertical in any place on tlie 1 yth of 
April how many days will elapfc before he is vertical a fe- 
cund time at that place ? 

7. If the fun be vertical at any place on the 20th of Au- 
guft, how many days will elapfe before he is vertical a fe- 
cund time at tliat place ? 

8 . I'"ind all places of the earth where the moon will b« 
vertical on the 15th of May 1808. * 


Problem XXIV. 

/I f I (ue being given in the torrid to Jind thofe two days 
oj thi year on which the fun will he vertical at that place. 

Role. Bring the given place to that part of the bnifs 
n^ ridian which is numbered from the etjuator towards the 
poles, and mark its latitude ; turn the globe on its axis, 
ajnd i bforve what two points of the ecliptic pafs under that 
latitude ; feek thofe pointsS of the ecliptic in the circh of 
on the horizon, and exadlly againlt them, in the circle 
of montlis, iland the days required. 

Or, by the analemma. 

Fi’.ul the latitude of the given place (by Problem I.), and 
mark it on tlie brafs meridian ; bring the analemma to the 
brafs meridian, upon which, exadUy under the latitude, 
will be found the two days required, 

Kx A M EL F $. I . On what two days of the year will the 
fun be vertical at Madras. 

A./. vcr. Oi) the 23th of April and on the i 9 th of Augull. * 


♦ To perform this fi*Kl the moon's declination on the given 

day in the Nautical Almanac, or Waite's Ephemerh. and mark itifon the 
braffr ineri^taiK all places paifin*; under that degree of dedinjtion trill have 
the m'lnn vertical or nearly fo, on th" given day. The moon's decluu- 
Uoii at midnight on the jjth of May iScd Is 24*' 34' foulh. 
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2. On what two days of the year is the fun vertical at 
the following places : 

O'why’hee St, Helena Sierra Leone 

Friendly Ifles Rio Janeiro Vera Cruz 

Straits of Alafs Quito Manilla 

Penang Barbadocs Tinian Ifle 

Trincomale Porto Bello Pelew J {lands 


Problem XXV. 

The month and the day of the month hein^ given (/i/ any place 
not in the frigid •zQncs)^ to find •what other day of the year 
is of the fame length* 

Rule. Find the fun*s pkee in the ecliptic for the given 
day (by Problem XX. ), bring it to the brals meridian, and 
oblcrve the degree above it ; turn the globv on its axis till 
fome other point of the ecliptic falls under the fame degree 
of the meridian ; find this point of the ecliptic on the hori- 
zon, and diredly againll it you will find the day of the 
tnonth required. 

This frotlm may he pe farmed hy the eelejiiat glaht in the fume manner. 


Or, by the akalemma. 

Look fertile giveu day of the month on the analemma, 
and adjoining to it you will findltK^ required day of the 
month. 


Or, without a globe. 

Any two days of the year which are of the fame kpgth, 
will be an equal number of days from the longeft or ftiortefl 
day. Hence, whatever number of days the given day is be- 
fore the longed or (horteft day, jull fo many days w’ill 
the required day be after llie loiigcil or fborted day, et 
contra. 

Examples, i. What day of the year is of the fame 
length as the 25 th of Apiil I 

Anfvtr. The 18 th .of August. 

2. What day of the year is of tlie fame length as the 
25th of May \ 

R 6 3. If 



•oif. n^FMKEX) BT Part Jll» 

YftliefunTffeat fctir^Vlock ni -the inominffiit Lon- 
don on the 17 th of Jiilyi OA what other fe^l^beyMr 
will It rife At the famehour ? 

4. TF the fan fct at (even o’clock in the cvoniag -At X#on« 
don on the 24th of Auguft, •on what other day of tile year 
win it fet at the fame hoor ? 

5. Tf the fan’s meridian altitude be 90® at TriiiGQiiiale» 
in the jfland of Ceylon, on the 12th of April, on what 
other day of the year will the tneridian altitude be the 
fame ? 

6. Ifthe fan*8 meridian akitude at London, on the 25th 
of April be 51® 3 5', on wbat other day of the year will the 
meridian altitude the fame } 


PaOAL-EM XXVI. 

316 ^ Jay, and hour of the day hein^^tven, to find nahere 

the fun u vertical at that injiant. 

Rvvf., Find the fun’s declination (by Problem XX.), 
and mark it on the brafs meridian ; bring the given place 
to the brafs meridian, and fct the index of the hour circle 
lo twelve then, if the given time be before noon, turn the 
^lobe vo^naard asmaoy hours as it wants of noon ; but, if 
the given time be paft noon, turn the globe eaftward as 
many hours as th . time is paft noon ; the place exadriy under 
the degree of the fun’s decli«ation will K* that fought. 

E^xahvles* 1. When it is forty minutes paft ftx o’clock 
in the morning at London, on the^yth of April, where it 
the fun vertical ?' 

•Anfmr* Here tlw^gieen time k five hours twenty niinotw before won; 
‘heate'i^e. globe inuft be turned to^^ards the tvif till the index haeipafied 
m'erfive hours twenty minntes'*, smd lEMder the f«n*.n deciutatka oa^die 
hrais mertdun you will find Madras, the plice rcquiirid. 


'• ^If cHelni!dr ckvk be ^divided to tn'enry'itimntes, tumtbctghibe 
tittthe index lias paiOTed over five' hours' it|a de- 
gree and a quarter farther to rlie weU (anfarering to five naimiteS.of«^timej 
fkeVolution will be exskl. Sec thC' note to cIm; next problem, tliede- 
Hess.muli be coonted on tht equator. 


2 . When 
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2. When itAS four o’clock in the s^tevoQQn ot 
«nthe i8th of Au^ofti where is the fiw yert^crf ? 

Here ihe given ti^nc ij» fo^r hours psii noon ; hence the . 
flobe muit.be turned cowards the till the index has paffed over /opr 
hours; then* under tlie fun’s dcchnotioni you will Hiui JftarUadous^ 4he 
place required. 

3. When it is three o’clock in ihe afteenptx^ 
on the 4t}i of January, whore is the fun •ytatkal ? 

4. When it is Uirae o’clock in the morula^ at Londiiia 
on the I ith of April, where is the fun vertical i 

5. When it is thirty-feven minutes paft one o’qlocjk jn 
the frfternooti at the Cape of Good Hope, on tlie 5-th 
bruary where is the fun vertical ? 

6. When it is eleven minutes pall one o’clock in the af- 
ternoon at London, on the 29th of April, where .is the f|}a 
vertical ? 

7. When it is twenty minutes pad five o’clock jn 
afternoon at Philadelphia, on the xSth.of Mayi where the 
/un vertical ? 

When it is nine o’clock in the morning at Calcutta^ 
on the I ithof April, where the fun Js verticS i 


Problem XXVIL 

Th monthy tla'^rnud Mur of the day at any flace bein^ f 
io find all -iiofe places efihe catfth nuMre the fun ts rlpn^^ 
thofe places where the fun is fettingy thoje places that Mpe 
nfiony ibflt particular place where the fun is vertical y 4hofe 
.pktoej Aat have foornks tpjilighty thofe places that hape 
^Htmg twd'ightrimd‘thQje pities that have midnij^ht, 

Rule. Find the liin's declination f hy ProhJeip jfiC,) 
and mark it on the brafs nveridiaa ; elevate the north or 
Douthpfile, according as the fun’s declination is north or 
fouth, fo many degrees above the horizon as are equal to 
the fun’s, declination ; bring the given p^ace to the brafs 
'snerifhan, Jind let the index hour circle to twelve ; 

thc.giv4ap Ume.b^ ^before nqon, turn the globe wjfl^ 
^Boardm^muiy vhoursiis it wants of poon ; but, tf the riven 
time be paft noon, turn the globe eaftward a*>5PWy»^pni 
^8 the time is paft noon ; keep the globe in this po&tion ; 

then 
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then all places along the weftern edge of the horizon have 
the fun riiing ; tliofe places along the caftern edge have 
the fun fettiiig ; thofe under the brafs meridian, above the 
hori/oii, have noon ; that particular place which itands un- 
der the fun's declination on the brafs meridian has the fun 
vertical ; all places below the wellern edge of the horizon, 
unthin eighteen degrees, have morning twilight ; thofe pla- 
ces which are below tlic eallem edge of the horizon, 
within eighteen degrees, have evening twilight ; all the 
places urder the brafs meridian below the horizon have 
midnight ; all the places above the horizon have day, and 
thofe below it liave night or twilight. 

Examples* When it is fifty-two minutes pail four 
o'clock in the morning at London, on the 5th of Marcii, 
find all places of the earth where the fun is rifing, fetting, 
^c. 

Anfwer, The fun's jhTliniirion will he found to he fouth ; there- 
fore, clev.ite the footh pole* 6 Above the hori/cn. 'rhe given time being 
feven hours eight roii»uttshefi>re tioon (rz 12 h. — 4 h. 5 a ni.^the globe 
mull be turned toWArd* the yeft till the iiultx hns pafTcd over feven hours 
eight ininutei Let tlic globe be fixed in this polhion ; tl»rn, 

Tbt Sun is at the ucflern part of the Wlutc Sea, PetcHburg, the 
Mnrea in Turkey, &c. 

Setting at the edflern coail of Kamfclutka, Jefus illand, Palmerilon, 
Ifland, &c. between the Friendly and Society Ifiands. 

N.'ion at tile lake Baikal in likoutlk; Cochin China, Cambodia, Sunda 
lihind!i, 

Ftrticai at Batavia. ** 

Morning tiviiigkt at Sweden, part of Germany, the fouthern prt of 
Itilv, Sicily, the weftern coaft of Africa along the A^thiopian Ocoao, &c. 

Bvfning tvufitight at the nortli weft extremity of North America, the 
Sandwich Ulands, the Society 1 Bands, fcc. 

Afidnight at I.abrndor, New York, weftern part of St, Domingo, Chih, 
indtlie weftern coaft of South America, 


• The hour circlet, in general, are not divic^ed into parts lefs than a 

^uancr of an hour, but the odd minutes are calily reckoned. In this ex- 
amine having turned the globe weftward till the index has pafled over 
feven liours, then^ becaufe four minmes of time make one degreci reckon 
two degrees on,tht equator eaftwajrd, and turn the gUihe tUl tlieyjp^ under 
the brafs mcndiaiL ' \ , 
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Day at the eaflcrn part of RuHia in Europe, T urkey, £gypr> the Cape 
cf Gwd Hope, and all the eaftem part of Africa, almoit the whole uf Alia, 
&c. 

Night at the whole of North and South America, the weftern part of 
Africajthe Britilh Ifles, France, Spain, Portugal, Ecc. 

2. When it is four o'clock in the afternoon at London, 
on the 25th of April, where is the fun rifing, fetting, &c. 
&c. 

Atipwer. The fun’s declination being i north, the north polo mull 
be elevated 13*^ above the horizon ; and, as the given time is four o'clock 
in the afternoon . the globe mult be turned four hours towards the tap ; 
then the fun will be rtfing at O’why'hee, fitting at the Cape ofCrood 
Hope, Szc. it ill be mou at Buenos Ayres, See ; the fun will be Dsrlical 
ar Barbadoes ; and, following the directions in the problem, all the other 
places are readily found. 

3. When it is ten o’clock in the morning at London, on 
the longed day, to whiit countries is the lun ridiig, fet« 
ting, &c. 8cc. 

4. When it is ten o’clock in the afternoon at Botany 
Bay, on the 15th of Odlober, where is the fun rifing, fet- 
tiiig, 8cc. 8cc. 

5. When it i« feven o’clock in the morning at Wafliing- 
ton, on the 17th of February, where is the Tim rifing, let- 
ting, See. See. 

6. When it is midnight at the Cape of Good Hope on 
the 27 th of July, where is the fun riung, fetting, 6cc. &c. 

Problem XXVIII. 

To find the time of the futPs rifing and Jetting^ and the length of 
the day and night at any place. * 

Rule. Find the fun’s declination (by Problem XX.), 
and elevate the north or fquth pole, according as the decli- 
nation is north or fouth, fo many degrees above the liori/on 
as are equal to the fun’s declination ; bring the given place 
totbebrafs meridian, and fet the index of the hour circle 
to twelve ; turn the globe tajlward till the given place 
comes to the eaftem Temi-circle of the horizon, and t^ 
number of hours pafled over by the index will be the Jti^ 
of tiic fun’s fetting : dedud thefe hours from twelve, and 
you have the time of the fuo’sjrifing ; bccaufe the fun rifes as 

many 



ffLOfiLff/lS BY Par/ III. 

l^utB before tw.d.ve as it Seta after t^<^lye. Dpuble 
ilic time of the fun’s fetting giyes the lengtii Qf the jday, jaa4 
doable the time of riling gives the length of the iiight. 

By the fame rule, the length of the Say, at all places not in the 
fngtd zt^cs, may be readily found ; fur me longcft diiy at all places "in 
north latitude ia ou the 2 lit of June, or when the' fun enters Cancer; and 
Jhe Ipngeit day s^t hU pUcet in fouth latitpile u on (be a(ig of D^en^ber 
or when the fun enters the lign Capricorin 

Or, 

Find the latitude of the given place, and elevate the north 
or fouth pole, according as the latitude is north or fouth, fo 
ffiany degrees above the horizon as are equal to the latitude ; 
find the Tun’s place in tin* ecliptic (by Problem XX), brhig 
it to the brafsxneridian, a^id fet the index of the hour circle 
^ twelve ; tarn the globe yuoejl^dr^ ^^1^ fun’s place 
comes to the weftern femUcircle of the horizon, and the 

K ’ t‘r.of boup paiTcd over by the index yirill be the time 
fpn’s (ettjng ; anfl thefe houra^taken from twelve will 
give the time of rifing ; then,’ as before, double the time 
of fettiug giyes^^c Icngth^of.thc day, and double ^he time 
# Jeqgui^pf ibe night* 

Qa, .BY XHl A^ALSMMA* 

Find the latitude of the given place, and.clevate the north 
or fouth pole, according as the latitude is north or foutii, 
the fame number of -donees above the horizon ; bring the 
mjddk of the a{^a|ejnma to- the.brafs meridian, and fet 
ttic index of the )iour circle to twelve ; turn the globe 
ward till the day of the moiith, on the an^lemma comes to 
<thc w^jlcni femi-circle of the horizon, and the number of 
pycr.jby tjiqm^CA will. l>e,tjhe,^tiinc of the 

I . What t^.^qes ttie fun rife ^nd.fet at 
Xpn^h ouihe t 7 ihofJuIyi and yv^t is the lVui^b.^.thc 

4^wer. /un ffts at 8 and flfes^at (la — 8n) 4; the length 
^>tne day is rf hours, and the lei^h of the night 8. The leaner ' will 
perceive tl^, if die time A which tfle fUn rifesbe givciir,'nic time 
at ««hich.it fcis, tcaEtther wish^he length of the day and sight, inav be 
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the nielit, nml the time the I'uii rife^ and fers may be ft>un'l ; if the Ictij'th 
9 i the niglit be gi\ cn, the icitgch uf the day ari^ ilic time the fuu riles and 
IcTe are cafijy known, 

t. At wliat time dooA thefuu rife and fet tlu! 

E lact‘;>, Oil the rtd{H.*(^ive daya mcnlioocd* and what ia the 
Migth of the day aiid night ? 

Londoi^ 17th of May ? ijCapp of Good Hope, 7 Dec. i 

Gihralt.ii, 2 Z^ of July. ? jCapc 3 iorn, 29th January ? 

Edinburgh, 29th January? VValhington, 15: IJeceudier ? 
Botany Bay, 2olh February? PeUrfburg, 24th Qi^ob^r f 
Pekin, 20ih of April? l‘Conilai)tinople, 18 Auguft i 


5. Find tile time th^it fun rifes and feU at cve^y place on 
the furfacoof the globe on the aid of March, and U}v^\yil'e 
oat he 2 3d of September. • 

4. Kcoaired the length of the lougcft day ftnd fliorteft 
ftiglit Httlu* RsUawing ]ilacea : 


liopdon Pat-jB iVkin 

Pe t erfburg Vietiflft C>»pe Horn 

Aberdeen Berlin Wafliinjgton 

Dublin Buenot Ayrtf Cape of Good Hop# 

Gbtfgow Botany Bay Oopenhegen 

5* Required the lengths of the fliorteft andlpngeft 
night at the following places ; 

London Lima Paris 

Archangel Mexico O'why'hec 

O Tabeitee St. Helena Lifton 

(Quebec Alexandria Fallditpd Illapds 

6. How much longer is the aift pfJiincat Pet^ibiirg 
than at Alexandria 


7, How much longer is thexxft of December at Alex- 
andria thou at PeterfiHirg ? 

8. At what time docs the fun rife and fet at Spitzbergen 
on the jth of April. 



2^10 


.PROBLEMS PERFORMED BY 


Part III. 


Problem XXIX. 

l^he length of the day at any place being giveny to find the fun^s 
declination y and the day of we month. 

Rule. Bring th^ given place to the brafs meridian, and 
fet the index to twelve ; turn the globe callwiird till the in*^ 
dex has ])afred over as many hours as are equal to half the 
length of the day s keep the globe fiom revolving on its 
axis, and elev'ate or dcpiefs on<* of the poles till tlie given 
place fxadly coincides with the eaftern feini- circle ot the 
horizon ; the dillance of the elevated pole from the hori- 
zon will be the fun\s declination : mark tlie fiin^S declina- 
tion, thus fouhd, on the brafs meridian ; turn the globe on 
its axis, and obferve what two points of the ecliptic pafs un- 
der this mark ; leek tlmfc points in the circle of hgns on 
the horizorif atid exniUy againil them, in the circle of 
nionthtii lUnd the days of the mouths rcc^uired* 

Bring the meridian {lafling through Libra* to coincide 
with the brafs meridian, elevate the pole to the latitude of 
the place, and fet the index of the hour circle to twelve | 
turn the globe caftward till the index has paflTed over as 
many hours as arc c^^ual to half the length of the day, and 
mark where the meridian, palTing through Libra, is cut by 
the femi-circle of the horizon ; bring this mark to 

the brafs meridian f, and the degree above it is the fun*g 
declination ; with which proceed as above. 

Or, by the ANAL£MM.t. 

Bring the middle of the analemma to the brafs meridian, 
elevate the pole to the latitude of the place, and fet the in- 


* Any meridian will anfver the purpofe, and die globe may be turned 
either cailward or weftward ; but i: is the moll convenient to turn it ed't- 
w:u;d becanlb the brnlb meridian U graduated oti the ealt tide. 

f If Adams’ globes be ufed, fhe rocridun pacing through Libra is gra- 
duated like the biafs meridian, and the declination is found at onc^ 

deK 
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dt*x of the hour circle to twelve ; turn the globe enftwardl 
till the index has palfed over aa many hours as are equal to 
half the lengtii of the day ; the two days, on the ana- 
lemma, which are cut by the caftern feini-ciixde of the ho- 
rizon, will be the days required ; and, by bringing the 
analemma to the brafs meridian, the fun’s declination will 
Hand exa£fly above thefe days. 

Examples, i. What two days in the year are cacli 
fix teen hours long at London, and what is the fun’s decli- 
nation ? 

Anfiver 'rhe 24th of May and the X7th of July. The fim’s dedi- 
lucimis about luu'th. 

. 2- What two days of the year arc each fourteen hours 
long at London ? « 

3. On wliat two days of the year does the fun fot at half 
paft fevcii o’clock at Edinburgh i 

A. On what two days of the year does the fun rife at ftiur 
o’clock at Peterfburg r 

^ What two nights of the year are each ten hours long 
at Copenhagen ? 

. 6. What day of the year at London ii fixteeen hours and a 
half long i 


Problem XXX. 

Tq Jind the length 0/ the hngefi day at any place in the nerth^ 
/rigid zone* 

» 

Rule. Bring the given place to the northern point of 
the horizon (by elevating or deprelfing the pole )| and ob- 
fervs its diilaiicc from the north pole on the orafs meridian ; 
count the fame number of degrees on the brafs meridian 
from the equator towards the north pole, and mark the 
place where the reckoning' ends | turn the globe on its axti| 
and obferve what two points of the ecliptic pafs under the 


• The fouth frigid zone being uninhabited (at lead wc know of no in* 
habiunta) the problem is not applied to that zone ; however, the rule is 
general, reading fouth for north, si>d axft of December tor the aift of 
June. 

above 
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ills AT 

^)iqy^m 9 Lr\ ; fmtl thofc point^s of th^ ecliptic in tj)e circle 
l^$gpa,oii the hurizoUi ind A:^M\\i\. them, ii) t,hc 

circle of mpnths, you \yill fmd tW, days on which the longeft 
dayb^gitu; and ends. preceding the 2ift of June 

]A 00 which tW lopgeft begins at the given jpLice, 
diiy fpDovviug tile 21 dt t»f June is that on which the 
Jongeil day ends : the Ijiacc of tinijf thefe days is 

length of the loug^d; day^ 

Or, BV the 

Bring the given place to that part of the hrafs meridian 
wliich « numbered from the north polo towards the equa* 
tor, and obfcrve its diibitice in degrees from the pole ; count 
the fame number of degrees on the brafs meridian from the 
equator towards the north pole, and imu k where the reckon- 
ing ends ; bring the analenima to th^ brsds meridiant and 
^he two dayB which ftand under the above mark wall point 
out th«* beginning and cud of 1 fie iovgell day* 

1. lei^^h of the lopg^ft day 

c North Cape, in the iilahd of waggeroe, ‘{n^titu^c 
o|® jo' OO fth ? 

place it tSJ*' from the pole ; the longeft dfy be|tejr op 
the R4di of May, and eixb on the 3Cth of iu y ; the it c^efemrd 
artDW^ven ck||Mong, that is, the fun doei not let during feventy-lhven 
fevottitions of exrth or\ hs apcil^ 

a* What is the length or the longcft day in the north of 
Spitzbergen, and on ^at days dpes it begin smd end £ 
j. What is the length of tlie lopgeft day at the northeru 
l^remity of Nova Zcmbla? 

" 4, what is the length of the longed day at the north 
jfld bn yhat days does it an^ gnd i 


Piio- 
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Ptibnth iCXKI^ 

I'o Juid the length of ihe lot^^ni^ht at any place! f« th^noril^ 
frigid' %one. 

Rule. Bring the givieii pkee to tlu^ northcMti- point of 
the horizon (hy elevatjivg or deprefllng the pok), and ob- 
ferve its dlftanc^e from the north pole on tJie brafe ifieK^ian ; 
count the fame number of degrees on the brafs* meridkn 
from the e<juator toU'Ards the fouth pole* and ^the 
place Urhere the' reckoning ends 1 tiim the globe on it« axis, 
and obferve 'vbat two points of the ecliptic pafs under the 
above mark ; hnd thole points of the ecliptic in the circle 
of figns ill the hovizon, and exa&ly againli them, in the 
circle of months* you Will iind the days 011 which the ldngeld 
night begins and end^. The day > preceding the 2 lit of 
December is that oif which the longeil night begins at the 
giv^n place* and the day follow ing the 21ft oiDeccmber 
ii that on wliidi the longed night ends : the fps^ce of time 
between thefe days is the length of the longeil nJglit. 

Or, by TrtE analemma/ 

Bring the given place to that part of the braft meridiah 
which is humberefd from the north pole towards the equator* 
and obferve its diftance in degrees from the ||ale (count ike 
liime number of degrees on the brafs meridiaiifrom the Equa- 
tor tOM'ards the fouth pole, and mark where the reckon- 
ing ends 1 bring the anulcma^a to the brafs fiiendian, And 
the two days which ftand under the above mark will point 
out the beginning and end of the longeil night. 

Examples. 1 . W hat is the length of tliA kmgeft uight 
at the North Cape* in the iilaiid of Maggeroe, in latitude 
yi'" 30' north ? 

Ar.pw4r. 'J he place is xSf” friiin the pole ; theiemgeft nighr begins on 
the J 6th of November* nnd ends on the 27th of January : tiie night is 
therefore ieveiuy- three d;i%s <oiig, that is, the fun dues not rii'e diiiitig 
leventy-threc revolutions of the eafreh on its axis. 


* This problem is equally applicable to any plare in the ibuth frigid 
aone* and the ruU will be geiK^ral by reading l^itrh ibr north* ssMfThe 
contrary ; likewife* iinlcad U die axU of i>«ccinucc read Uie 2tA of 
June. 

2. What 
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2. What in the length of the longell night at the north 

of Spitzbeij'-cii ? ^ 

3. The Dutch wintered in Nova Zembla, latitude 76 
degrees north, in the year 1596 ; on what day of the 
month did they lofe fight of the fun ; on what day of the 
xnontli did he appear again ; and how many days were they 
deptived of his appearance, fetting afidc the cfFcdt of re- 
fradion ? 

4. For how many days arc the inhabitants of the north- 
ernmoil extremity of Rufiia deprived of a fight of the fnii ? 

Problem XXXII. 

To JUidthe numhrr of days which the fun rifes and feU at any 
^ place in the north frigid zone. 

Ru LK. Bring tlie given place to the northern point of 
the hori/oa (by elevating or depreflliig the pole), and ob- 
ferve hn diilance from the north pole ou the Virafs meridian ; 
count the fame number of degrees on the brafs meiiduin 
from the equator towards the polos northward and fouth- 
ward, and make marks where the reckoning ends; ob- 
ferve what two' points of the ecliptic, ncareil to Aries, pafs 
under the above marks j thefe points will Ihcw (upon the 
horizon) tWe end of the lt>iigeli niglit and the beginning of 
the longell day ; during the time between thefe days the 
fun will rife and fet every twenty-four hours : next obfer^'e 
what two points of the ecliptic, ncareil to Libra, pafs under 
the maikson the brafs meridian ; find thefe points, as be- 
fore, in the circle of ligns, and againil them you will find 
the day on%vhich the longed day ends at the given place, 
Bnd the day on which the longed night begins ; during the 
time between ihcfe days the fun will rife and fet every 
twenty-four hours. 

Or, 

Find the length of the longed day at the given place (by 
Prob. XXX-), and the length of the longed night (by 

♦ Tlic tain ? might he found lor a place in the fouth frigid zone, uhcie 
ihai 20i)C irili.ibitei. 

4 pro* 
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Problem XXXL^, add thefc together, and fubtraft the fum 
from 365 days, the length of the year, the remidiider will 
(hew the number of days which the fun rifea and fcts at that 
place. 

Or, by the analemma. 

Find how many degrces the given place is from the north 
pole, and mark thofe degrees upon the brafs meridian on 
both tides of the equator ; obfcrye what four days on the 
analemma (land under the marks on the brafs meridian ; the 
time between thofe two days on the ieft hand part of the 
analemma (reckoning towards the north pole) will be the 
number 01 days on which the fun rifes and feta, between 
the end of the longcft night and the beginning of thclongeft 
day ; and the time between the two days on the right hand 
part of the analemma (reckoning towards the fouth pole) 
will be the number of days on which the fuu rifes and fcta> 
between the end of the longed day and the beginning of the 
longed night. 

Examples, i. How many days in the year does the 
fun rife and fet at the north Cape, iu the iiland of Magge- 
roe, in latitude 7 1® 30' north I 

Anfnucr, The place is iSf^froni the pole, the tiPO points in the ecUp- 
fia, nearefi Aria, which pal's under on the brafs meridian, are 
in aDfweringto the 17th ol January, and 14 ' in , anfwering to 
the 14th ol' May. Hence vhe fun rifen and fets for 107 days, vi*. from 
tlie end of the loageil night, which happen, on the 27th of Jauuaty, to 
the beginning of the longell day, which happens on the 14th of 
Sranfily, the two points in the ecliptic, n^urrji to Likra, which poTs uniler 
i8f‘‘oii the brafs meridian, are 8‘’m anfwering tothc join of July, 
and 24^ in tlX, anfwering to the ljtl\ of November. Hence the fun 
rifes and lets ibr 108 days, viz. from the end of the loiigeft day, which 
happens on the 30th of July* to the beginning of the longelt night, which 
happens on the xjth of November; fo that the wi^oie Ume of the fun's 
riling and fetting is B15 days. 

Or, 1|iV8 : 

The length of the longed day, by Example ill, Prob. XXX. b 77 
days, the length of the longelt night, by Jixample lit, Prob. XXX 4 . i« 73 
days ; the fum of thefc is 130, which deduacd from 363, leaves 2I5 days 
as above. 

a How 
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'2, mny d^yi ill the yeit dtJts the fim rife^nttl fH 
it the iidrth of Spit/hetgei)'} 

i ' itdvfr niAny days 'does’ the ftiti rifetind fet atOiveidand, 
atitude 75® north ? 

4. How many days docs the fun rife and fct at tins north- 
•rn extremity ut Ruilia in Aiia f 

PkoiiixM xxxrir. 

Th ^*hat' Jfffree of north latitude^ onmy^day hft*ween 
the 2 \ft of MUrrh and the 2 \Jl of June f or in •ojhatJegree of 
fmdh latiinie^ on any day betweti the zyl of Septanler and 
the ttjl of De^cember^ the fun begins to Jhine conjiantly wth^ 

. 'OmifeHins ; and '^edfo in vthat iatitude in the t^fojite hemij* 
i ^erthe ieigins to be totally ahfent^ 

Ri/tx. iFindthe fun’s dedmation (by Ptob. XX%),Bud 
ootnit the fame number of de^-ces fiom the north pole to- 
vraidB the efquator, if the dccliimtion be norths or from the 
foulh pole, if it be fouth, and mark the point where the 
ivckoning ends 1 turn tlie gK)be on its axis, and all places 
paffing under this mark are thofe in which tlm fwn begins to 
ibine conftantly without fettiiig ut that time : the fame 
number of degrees fn»m the contrary pole woU point out all 
the places where twilight or total darknefs begins. 

EjfA'Mrtis. T. In what latitude north, and at what pla- 
ces, does the fun begin to ftime without fitting during fe- 
feveral revolutions of the earth on its axis, on the utU of 
May I 

Ttie iuw*s iiv>Ql'mation is 18 ^® north, therefore all pliccs in 
htlnris nortii vviUbe the places fought, fit. the north C.ipciu Lap- 
the louthern fart of Nova Zcmbla, Icy Cape,&c. 

*9# lo whatl atitude fouth docs the fun begin to Ihinc 
without ietting on the iSth of Oftobw, and in what kti- 
tude north does lu- begins to be totally abfent ? 

Afi/uftr. The fim*s dvcluwi^is 10 * fouth, therefore hchegins to 
Ihme conftantly in htiiudo SofHjjkh f^borc there are uo inhabitants 
know ii, find to be totally ahfcnt in%itudc 80 ” north, viz. st Spimbtrgen. 

3. In what ktitudc 'does the fun begin to fliinc without 
felting on the 20ih of April i , 

6 4. lo 
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4. In what latitude north docs the fun begin to ihine 
without fetting on the ift of June, and m what degm of 
fouth latitude does it begin to be totally abfent i 


Problem XXXIV. 

nuniher of Jays ^ not exceeding 182, heing given f td JinJ 
thi paralltl of north latitude in u*hLh the fun does not fet 
for that time^ 

Rutr. Count half the number of days from the 21ft of 
J unc on the horizon, callward or wcRward, and oppolite 
the laR dnv you will find the fun's place in the circle of 
figub ; looK for the fign and degree on the ecliptic, which 
bung to the btafs meridian, and obferve the fun’s declina- 
tion ; reckon the fame number of degrees from the north 
])ole (on that part of the brafs meridian winch is numbered 
from the equator towards the poles) and you will have the 
latitude fought. 

Kitamples* X. In what degrM of north latitude, and 
at what places, does the fun continue above the horizon 
for fevonty-feven days ? 

Anf’n. er. Hall the number of days Is 38I, and, if reckoned hackwarc*, 
ortoNvardMhe eall| from the silt of June, wjU anfwtr to the X4th of 
May; and if counted foiwardl, or towaidk tliO Weft, wiil anfuer to tbo 
^otnof July; on cither of ifrhicb daja the fun’s declutatbo is <8^de« 
greesnorth, conicquently the places fought arc x8f degrees from the north 
pole or in hntude 71^ degrees noith ; anlwering to the North Cape in 
LapUnd, the louth part of Nova ZemMa, 1 y Ca)ie, Ac. * 

2. In what degree of north latitude is the longeft day 134 
days, or 3216 hours in length ? 

3« In what degree of north latitude does the fun continue 
above the horizon for 2 x6a hours ? 

4. In what degree of north latitude does the fun continue 
above the horizon for 1x52 hours i 
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Problem XXXV. 


To find ih^ h^'inntn^^ ctnU and dural io/i of twilight at any 
place y onany fiven day* 

Rule. Find the fim*a declination for the p:ixcn day (l>y 
Problem XX ), and elevate the north oi foutli pole, ac- 
cording as the decliuatiou is nortli or foiith, fo many de- 
grees above the horl/oii as aie equal to the iiin'h declina- 
tion ; ferew tile qnadi of altitude on the brafs meridian, 
over the degiec of the fun’s declination ; bring the givea 
place to the brufs nicridtan, and fet the index of the hour 
ciicle totwcUe : turn the glolic eaftward till the given 
place comes t(S the horiAon, and the hours paired over by 
the index vfll dnw the time of the Inn’s letting, or the 
beginning of evening UMlighl : contnine the motion of the 
globe ard, till the given place coincides with i R® on 
the quadrant of altitiule below ^ Uie hon/.on, tlic time 
faffed over by the index of the hour circle, fiom the time 
the fun’s letting, will be the duiMion of evening twi- 
light. The moining twilight u llie lame Icugtli. 

Os., 1 ai j : 

Flcvate the nortli or fuuth pole, accoidtng as tlie latitude 
of the given place is north or fouth, fomany degrees abo\c 
the hoiiaron us arc equal to the latitude ; <ind the fun’s 
place in the ecliptic, bring it to the brafs meridian, fet tJic 
index of the hour circle to twelve, and ferew the quachant 
of altitude upon the brafs meridian over the given latitudi ; 
turn the globe wiftwaid on its axis till the fun’s place conics 
to the wcllern edge of the hori/oa, and the hours paAcd 
over by the index will fhew the time of the fun’s fettiug, 
or the beginning of eveniug twilight ; continue the motion 
of the globe wcilw'ard till the fun’s place coincides with 
1 8^ on the quadrant below the hori/oii, the time 

paffed over by the indcaT^RMf hour circle, from the time 

« Tht' quadrant of Altitude belongin*^ to uui moJern globes is 
graduated to i8 dcgreesj)do\> the hvmon. 

of 
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of the fun’s fetting, will be the Juration of cveaing twi- 
light. • 


Or, nr the analemma. ^ 

Elevate the pole to the latitude of thr- place, a:^ above, 
and ferevv tlie quadrant of altitude upon the hrafs tucridnm 
over the degree of latitude ; bring the middle of the aiia- 
lemma to the bi*af 9 ineridian, and let the iiukx of the hour 
eiude to twelve ; turn the globe well ward till the given 
day of the month, on the analeinma,' coincii to the weftern 
edge of the horizon, and the hours paffed over by the in- 
dex will ftieiv the time of the fun's fetting, or the beginning 
of evening twilight ; continue the motion of the globe 
woftward till the given day of the month C(>inciJes with i8* 
on tlic quadrant below the horizon, the time paffed over by 
the index, from the time of the fun*a fetting, will I^the 
duration of evening twilight. 

Examples, i. Required the beginning, end, and du- 
ration of morning and evening twiliglit at Loudon, on the 
19 th of April? 

Anftur, 'Vhc Iwn ivta .ni tw(» mlmiicM part feven* .nid lifcs at fifty-eight 
minutes juft fMir; the duration oi' rwihjj’t is and iVventmi 

minutes; conlVoucntlVi evening i\\Ui;;l»r ends at minutes pa!t 

nine, and inoriiiirj twilight be/iris, or d.'v breaks, at forty one miuutcf 
-|)ait two. 

z. What is the duration of twilight at London on the 
23d of Septeniber, what time docs dark night begin, and 
a I 'v\ hat lime docs day break in the morning ? 

Afifzi.tr, 'J’ht' iwn fcLs at iix o'clock, end the dm it ion of iwUit'httf 
two hours; coJ^k^^ucnlly the evening Twdi^ht cuds at feijht o'clock, 
MtJ d'.c morning (v.iiiglu begins at lour. 

3. Required the begiuning, end, and duration of 
mimjing and evening twilight at London, on the 25th of 
Augull ? 

4. Requirt'J the begiiming, c||k ;ind dunition of morn- 
ing and evening twilight at EOTDwrgh, on the 20th of 
Fi bruary ? 

5. Requaped the beginning, end, and duration of morn- 
ing and evening twilight at Cape Horn, ou the 20th of 
February ? 

l 2 


6. Re- 
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6. Required the beginnings end, and duration of morn- 
ing andareriing twilight at Madras, on tlie 15 th of June ? 

Problem XXXVI. 

71 ? Jind the leginning% tnd^ and duration of conftant day or 
twilight at any places 

Role. Find the latitude of the given place, and add 
j8 « to that latitude ; count the number of degrees corre- 
fpoodent to the fum, on that part of the bnifs meridian 
vhich is numbered from the pole towards the equator, mai'k 
where the reckoning cuds, and obferve what two poiiits of 
the ecliptic pafs unckr the mark * 5 that point wherein the 
fun’s declination is incrcafing will (hew on the horizon the 
beginning of cOnllant twilight ; and that point wbercin the 
fun's dccTiiuilion is decreafing, will (hew the end of conAant 
twilight* 

Examples. 1. When do «'e begin to have conftant 
djj- or twilight at London, and how long does it continue i 

Anpujfr. 'Ihe latitudt ol* loOndon is 51 1 dcg/ei^s north to which add 
18 degrees, the lum is 69*11 the two points of the ecliptic which pails un> 
der 69I are two degfee^ in n, anfwcring to the 22dof May, and 29 de- 
grees in anfweiing to the aift of July; fo^that, from the of 
May to the lift of July, tho fun never defrends x8 degrees below the 
hoiiiccii of London. 

E. When do the inhabitants of the Shetland iflands ceafe 
to have conftant day or twilight ? 

4. Can twilight ever continue from fun-fet to fun-rife at 
Madrid? 

4. When does conftant day or twilight begin at Spitz- 
beigen ? 

y. What IS the duration of conftant day or twilight at 
the North Cape in Lapland, and on what day, after their 

— ■ " ■i jfc 

* If, .liter ]8 degrees be added to the latitode, thediilance from the 
pole will noi reach the ecli{>tic, them will be noconflant tifjdighc at the 
given \>bce : vis. to the gH cn frtiuidc add z 8 degrt^es. and fDHtr.i^l the 
lutn from 90, if the remainder exceed 23 J degrees, ihtrt can be nu con- 
itant twilignt at ibc given place. 

long 
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ion^r winter's nigliti does the fun’s rays firft inter the .at« 
mofphcre, 


Pkoblem XXXVIL 

To find tht duration of twilight at the north pofc* 

Rolf. Elevate the north pole fo ths^ the equator may 
coincide witli the hori'/ou ; obferve what point of the cclip* 
tic, nea’cil to Libra, pa/Il's under i S*" below the horizon, 
reckoned on the brafs meridian, and find the day of the 
month correfpondent thereto ^ the time elapfed from the 
23d of September to this time will be the duration of even-^ 
iiig twilight. Secondly, obferve what point of the ecUp-i 
tic, neareft to Aries, paffes under below the horizon, 
reckoned on the brafs meridian, and find fhe day of the 
month corrofpondeiit thereto 5 the time elapfed from that 
day to the 21ft of March will be the duration 6f morning 
twill, rrlit. 

Example. What is the duration of twilight at the north 
pole, and what is the duration of dark night there i 
Anftver. The point of the ecKpt:c ncarcfl to Libra which paflls under 
x8 degrees below the horizon, is %% degrees in aiifivcring to iho 
of November 4 hence the evening twilight cominces from the 23^ of Sep-* 
temher (the end of the d.<y) to the of November (the begiin* 

ningof dark night) being 51 days, 'i’he point of the ecliptic neareit to 
Aries which palled under 18 degrees below the horizon ;s 9 degrees in 
anfwcrliig to the of January ; hence the morurng twilight conthiues 
from tlie 29th of Janurjry to the 2xfi of March (the begijiniog o|^ the 
loiigell d.iy) heing fifty-one days. From the t^d df Septembet to the Bill 
of March are x.79<lflysi from which dedu^ 102 (S j[x X 1), die re- 
mainder is 77 d.iys, the duration of total darkneftst the north, pole i 
hut, even during this ihort period, the moon and the Aurora Ber^s 
(hike with uncommon fplciidoux. * * ^ 

PROBLEM XXXVIII. 

To find in nvtai climate any. ghc^tace on tie globe is JltuateJ* 
Rule. i. If the place be wt in the frigid zones, find 
the length of the longe A day at that place (by Problcni 
XXVIll* and fubtra& twelve hours therefrbm f thenunw 
ber of half hours ia the remainder will fiiew the dsmte. 

*-3 . 7- If 
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7. If the place bt' in the fri^jid zoiie"'^, find tlic lenirih c f 
tlie longcfl day at 1 !i.;t plarc* (b) l^roldcin \ XX ), and if tliai. 
be IcfB than thirt) dnys, Uk- place* U in the twenty- fifth 
cliiiiuto, or the ////' within the -[loiar circle. If more ihiur 
thirty and lef® tliuu fixty, it is i:i the Iwenty-fixlh climate, 
or the Ji tjhd williiii llie pol'ir < irth- ; if rnuiv than fixlv, 
and Ids than iiiiKt' , it i . in tlie iv.tniy levcnLli climate, or 
the ihad 'Wlinii fhe jxn ciicie, cvc. 

ICxAMPi.ts. t. Ir- v/liat climate IS Londoii, .liid v\].it 
other renarkable placts are htiialod in tlicfiimc climate r 

v/w/'.-v- '1 ho Ur'/cPi .it i ndoii 1 T- 1 if w l* dttiiuM tz 

iKc rciiwind«.t uili lu* ei niiic hidf Imuis; Iimi cr 

j' iiiihi ^ih tlinirili 1 ih *»l t) < tiju.itci : ;ii,d. iir all |’Li;r‘ 1, 
111 ni‘':r die I'.imc 1 'ifiti.irh .if ri tfief^mo oiMr..itr ■ HiaII hnJ Anilhi- 
iiArn, Itnl(iin,j.\V,u:*.nv, Irk' utfk, ttie loetliorr. }m»i of ilie jH-ninrula of 
Karr.Tfth.ura, NnotKa So'iri !, tr ? loath <if lUithoD 9 b.iy. tlu* north *A 
NottUnuiclUnd, icr. 10 ho in tliciainc clnnufeuK j .i.ndon f he liMriid 1, 
to turnm the note to I)cfinuu>\i r>yCH, •ii j agex 16 .ttid 17. 

2. J« what rliinute is thi? North Cape in the illand of 
Maggeroe, latitude 7 x'* 30' north. 

Atijwf^. 7 he length of the longcft day is 77 days j ihtfc days divided 
I7 two rnoudis for the quotient, and a remainder x>f 17 d^ys ; 

iieiu e ihc idaco is in the third climate vritliin the polar circle, or tiic 27th 
climate reckoning from tlic equator. 7 he ibuthern part of Nova Zeiu< 
hla, the northern nurt of Siberia, lames* ifland, Baffin^s Bay, the norili- 
ern part of GrrenUiid, ^c. arc in the fame diinatc. 

• The climates between the polar circles and the poles were imkncwn 
to tl.r ancient geographers ; they reckoned only feven climates north of 
Ytie tqviator. 7 he nfiddle of the hrtt northern climate they made to prl's 
througii MtrtCi a city of lUhiopia, built by Cambyies on an ifland in the 
Nile, ncaily uivlvr the tropic of CaiKer; the lecond through Sy^Cy 
fkivOfty. of Thcb.iis m- upper Egypt, near the cataMits of the Nile ; the 
thud ihroujh AUxiinJria \ the fourth through Rhuder ; the fifth through 
R 9 mei>i'l\\tIiciirfprt\\hG tixth through the mouth of \\\fiBiryJlhfnesoxDnh- 
the ft'Vcnih tluough the JStplanti wountai/isy fuppoled to be fituated 
near fl.iy I’ourcc of t}»^ 'I’anats or Don river. 7 ’he foutlicrn parts of ti»e 
C'iirth beiii^ in a g.reit nitafiire uiiknown, the climatis received their names 
fiom the imrthoiii ones, and not from particular towns or places. Tlios 
ji.e dimute which was fuppi 4 vd to be at the fame diflance from tlie equator 
fouthwarcl, as IVlcroe was noith\v.irvl, w.ui called AttiidtamcrotSfOviUc op- 
polito climate to MoroG ; A*^rU.*r/'j a.j, wa? the oppofite climate to 
Syeiie®, &C. 
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j. In wliat rllmut-c is luliiibitrgh, and wliat otter places 
arc fiUiaUci in the l.imr climate ? 

4. In what climate is the north of Spitzbergen ? 

5. In wiiat climate is Cape Horn ? 

6. Ill wliat climate is Botany lkiy.> and what other pLcei- 
arc htiiuteU in the fame climate I 


Problem XXXIX. 

To Jinil the hreadihs of the fcveral climates betnoeen the egusior 
and the polar circles. 

Rule. For the northcni climates. Elevate the w>ith 
pole 23^ above the northern point of the horizon, bring ttie 
fign Cancer to the meddlaw, and let the iiklex to twclvt ; 
liini the globe call ward on its axis till the inch x ha^ pijlHd 
over a quarter of an hour ; obferve that partirour po'nt i 4 i# 
the nioridian paflTiug through l..ibra, which is cut by the 
horizon^ and at the point or inlerfediion make a maiit wah 
a pencil j continue the motion of the globe ca/lvvard til! the 
index has pafled over another quarter of an hour, and 
make a fecond mark ; pi'oceed thus till the me ridian pat* 
ling through Libra * wil, no longer cit the liorizon j ti»e 
fcveral marks brought to the brafs meridian wdil point out 
the latitude where each climate ends f . 

Examples, i. What is the breadth of the ninth Aorlk 
climate, and what places are iiiualed within it ? 

An/iwr. T*he breadth of the 9th clim.'itc u ir 57', ir hcf/mK in Uiitud* 
49*' 1' north, and ends in I tttndc 51^ 59^ north, und aU {>Uce» (itufiuit 
within tilts fpace are in the fame chmate. 'I*h(» \i ill be nearly tli« 

fame as thofc enumerated in the hrft exanipU: 10 tiic f;recedhig problem. 

2. What ir> the breadth of the fecond climate, and in 
what latitude does it begin and end \ 


• On Adams’ globes, the meridian pafling through I/ibra is divided 
mto degrees, in the fame manner as ihe braf. nundi-m is divided \ tiic 
horizon will, therefore, cut this meridian in the fcMr.il degrees anfwcr* 
ing to the end of each climate, v ithout the trouble of bringinj it to tha 
brafs meridian, or rnaiking the gb.he. 

-f- .Sec a Table ol the climr»ta«, Avith the method of conAru^lng it, at 
pages 1 7 and j 8. 

L4 3. Required 
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3* Required the l>eginning, end, and breadth of the fifth 
climate ? 

4 « What il the breadth of the feventh climate north of 
the equator, in what latitude does it begiti and end, and 
what places are fituated witliin it ? 


Problem XL- 

TTq J ind that part of the equation of time *tvhicb depends on the 
obliquity of the ecliptic » 

Rule. Find the fun’s place in the ecliptic, and bring it 
to the brafs meridian ; count the number of degrees from 
Arks to the brafs meridian, on the equator and on the 
ecHptic \ the difference, reckoning four minutes of time to 
^ degree, is the equation of time. If the number of de- 
grees on the ecliptic exceed thofe on the equator, the fun 
^18 fader than the clock ; but, if the number of degrees on 
the cqi^tor exceed thole ofl the ecliptici the fan is flower 
ehan the clock , 
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Nf'ie^ Tl«e cx'^uation of time, or diffe- 
I'ona bwt'iwii the time flicwn by a vvell- 
rcji.lati'd Clock, and a tnu* fun-diaU de- 
pends jp'.»n two c.uilfs ; viz. the obliquity 
oj thi* t't'lipi'e, ami liK* UMej(u.il motion ot 
the cnrtli in its orbit. ’J'hu former of thelvj 
c.,olVs irs.jy bo explained by the above pro- 
bh *r. If fwo Ui n. were tofet oft at the 
l‘i».<- tiiiu-fiom the point ..Vries, and move 
over c<|iial fpaccs in equal time, the one on 
tl'io ecliptic, the otlic-r on the equator, ills 
evj Ifin they would nevoi come to the nieri- 
d'.'in together, except . ' tlie time ot the- 
f.liuruwts, jt;don the lonjrell and Ihortell 
dr 5. 1 he annexed '' iblc Ihew's how 

much tiic lun is tailcr or flower th.an the 
flock ought to be, fn far as the variation 
depend^t on the obliquity of the ecliptic 
only. 'J he Hgiis of the tirit and third qu.i- 
drants of the ecliptic arc at the top ol ihe 
table, and the degrees in tbele (ign.? on the 
left hand ; in any of thefe 'gn.*s the fun is 
f iftcr than tfic clock. 'riK' hgns ot tlie 
iecotKl.nid tinrd quadrants arc at the bott im 
of thetabb’, and the degrees in tnefc itp.ns 
at the r.ght hand ; in any of thet hgns tne 
fun IS llower than the clock. 

'riuis, when the fun is in zodegrcca.of 
^ or is9m;nuU*-5ofeconds fatter 
than the clock , and, when the fun is in 
1 8 degrees of .r^ or , it is 6 minutes % 
feconds flower than the clock. 
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Examples, i. What is the equation of time on the 
r 7 th of July? 

A y/wrr. 'l‘he degrees on the equator exceed the degree^, ow ihe ecUjnic 
hy two; lienee the liiii is eight minutes iltmer rbjn the clock 

2 . On what four days of the year i? lIk equation of time 

f 

3. What is the equation of time depciulaiu on llic obh- 
<]Uity*of the rcliptie on the 27th of October ? 

4. When the fim is 18^ of Aries, v. hat ij' tiu' equation 
of lime 

Pr oni EM Xl-I. 

7 ip Jiiul the futL*s meridian uliUiult at any ime of the year at 
* * any fli'vn place. 

Rui f. Find the fun's d^'clinalion, and elevate the peJe 
U) that devh.nalion ; bring the givtui pl.iee to the brafs me- 
ridinii, and count the ijinnber of degrees between it ami the 
; thefe degrees will jflicu the lui/s meridian alli- 

tude f • 

Or : 

KIcviitr the pole fo many degrees above the horizon as 
are rqnal In the Jatitiule of the place ; find the fun'? jdate 
in the ecliptic*, and bring if to iliat part of the brafs men- 
cliaii Tvhieh i.N minibt^rcd from the equator towards the 
poles ; eoiiiit tiie iiun.bcr of degrees rontained on the brals 
ine' dam b(t\Veen tiie fun’s place and the horizon, and they 
will /!iew tlie iiUitudo 

Or, by the ak>\i.kmma. 

Elevate the pole fo .many degrees above the licrizon as 
aic equal to the latitucfe of tJjc place ; find the day of the 


* The leumcr ^111 ohfen e, that the equatiem cf time here determined, 
tsnot the true eqnarion, noted Vm the 7 ih (ircle on the horizon of JBar- 
dm's globes; the equation of time liirre gneo enmiotbe dctcrniincdhy the 
globe. 

4 See Problem XXF. 

4 f’ee Probiem XXll. 

month 
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month on the analemma, and brin^ it to that part of the 
brafs meridian \vlnch is numbered Som the equator towards 
the poles ; count the number of degrees contained on the 
brats meridian between the given day of the month and 
the hori/oii, and they will ftiew the altitude. 

E \ A M r nr s, i . Wli^.it is the fun’s meridian altitude at 
Loiidon on tlic 2 1 11 of June ? 

6" dtfj»rcc;i. 

2. Wliat is the fun’s meridian altitude at London on the 
2 » 11 of March ? 

3. Wiii^t is the frill’s lead meridian altitude at London ? 

4. Wliat it tlic fun’s giratcll meridian altitude at Cape 
Horn ? 

5. What is tlie fuivs meridian aliitiide at Madras on tl'C 

20lh of JunL* ? , 

6. Wliat is the fun’s meiidian ulliludc at Bencoolcii on 
tlie 15^1 of Januar) ? 


Problkm XLII. 

il /j {li nuy place ht tU trmperatc or to nd 

to find thi fun i ah'ftuJc at auy p^are [on thi faine 
mtrhriati) /;* thr ^oriCf fAhn'c t hi fun dua mt. 

dijcctid bt'lo'W the hor\%on> 

Rn, 1. Find the fun’s drclinathni for the given day, 
and flexute tlie pole to limt deetinalion ; bring tlie jdace (hi 
1 lie frigid yone) I'lat part of the buifs laiTidian which 
numbered tVoui the north pole towards the equator^ and 
tlic* number ofdt^gic'.s between it and the horizon will be 
tlie fun’s aJiitudu 


Or, 

Elevate the nortli pole fv many degrees above the hori- 
7on as arc equal to the latitude of the place in the frigid 
zone ; bring the fun’« place iu the ecliptic to the brafs mc- 
ridian, and ict the index of the hour circle rti twelve ; tum 
the globe on its axis till the index points to the other 
twelve ; and the ii'imhcr of degrees between the fun’s pLce 
and the horizon, counted on the braf. ;nrr:diau toward 

L 6 lUat 
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that part of the horizon marked northy will be the fun’s 
altitude* 

Examples, i. What is the fun’s altitude at the North 
Cape in Laplandy when it is midnight at Alexandria in 
Egypt on the 2jft of June ? 

Anjfivtr. 5 degreej. 

2. When it is midniglit to the inhabitants of the ifland of 
Sicily on the zzdof May, what is the fun’s altitude at the 
north of Spitzbt'rgen, in latitude 8o® north ? 

3. What is the fun’s altitude at the north eaft of Nova 
Zembla, when it is midnight at TobolUt, on the 15th of 
July ? 

4. What is the fun’s altitude at the north of Baffin’s Bay, 
when it is midnight at Buenos Ayres, on tlie 28th of May ? 


Problem XLIII, 

Ti find the futCs amplitude at any place. 

Elevate the pole fo many degrees above ilic horizon a« 
are equal to the latitude of the given place ; find the fun’s 
place in the ecliptic, and bring it to the eaflern femi-circle 
of the horizon ; the number of degrees from the fun’s place 
to the eafl point of the horizon will he the riling amplitude : 
bring the fun's place to the weftem femi-circle of the hori- 
zon, and the number of degrees from the fun's j'lace to the 
well point of the horizon will be the fetting amplitude. 

Or, by the analemma. 

Elevate the pule fo many degrees above the horizon as 
are equal to the latitude of the place ; bring the day t>f the 
month on the analemma to the eaUern fenii-circle of the 
horizen : the number of degrees from thed^ of the month 
to the eaft point of the horizon will bethe rifing amplitude : 
hrjbig the day of the month to the weftem femicircle of the 
horizon, and the number of degrees from the day of the 
month to the welt point of the horizon will be the fettiiig 
amplitude. 

EzAMPtrs. I. What ia the fun’s amplitude at London 
•n the 2 lit of June i 
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Anf’ivm 39'’ 48" to the nortk of the e»<l, and 39® 48' to the north of 
tJjc weft. 

2* On what point of the coinpafs does the fun rife and 
fet at London on the 1 7th of May ? 

3. On what point of the coinpafs does the fun rife and 
fet at the Cape of Good Hope on the 2 ill of December ? 

4. On what point of the compafs does the fun rife and 
fet on the 2 ill of March ? 

5. On what point of the compafs does the fun rife and 
fet at Wafliington on the 21ft of Oilober ? 

6. On what point of the coinpafs does the fun rife and 
fet at Peterlburg on the i8th of December ? 


Problem XLIV* 

Tq find the futCs azimuth and his altitude at any place^ the day 
and hour bein^ given* 

Rulf. Elevate the pole fo many degrees above the ho- 
rizon as are equal to the latitude of the place^ and ferevv 
the quadrant of altitude on the brafs meridian, over that 
latitude ; find the fun’s place in the ecliptic, bring it to the 
brafa meridian, and fet the index of the hour circle to 
twelve ; then, if the given time be before noon, turn tlie 
globe cadward ^ as many hours as it wants of noon ; but, 
ii the given time be pall noon, turn the globe weitward an 
many hours as it is pall noon j bring the graduated edg^r ol 
tlie quadrant of altitude to coincide with the fun’s place, 
then the number of degrees on the horizon, reckoned from 
the north or fouth point thereof to the gmduated edge ol 
the quadrant, will ftiew the azimuth ; and tht number 01 
degrees on the quadrant, counting from the horizon to the 
full’s place, will be the i^uu’s altitude. 

1 ^ 

• Whenever the pole w elevated for the latitude of the place, the proper 
motion of the globe h from eaft to weft, and the fun »s on the eaft fide ot 
the brafs meridian in the morning, and on the v u Je m the afternrort ; 
h It, when the pole is elevated for the fun’s Jc' liuaticMi, the tiuXionis frcmi 
weft to eaft, and the place is cn the weft hde Qi the rncridiirfi in the mora- 
tng, and on the eaft lide in die afternoon* ^ 

Orj 
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Or, by thb analemma. 

Elcvnte the pole fo many degrees above tlic horizoii as 
are equal to the latitude of the place, and ferew the qua- 
drant of altitude on the brafs meridian, over that latitude ; 
bring the middle of the analcnmui lo tlie brafs meridian, 
and frt the index of the hour circle to twelve ; then, if the 
given lime be before noon, turn the globe call ward on its 
axis as many hours as it wants of noon ; but, if the given 
time l>c pall ncwin, t\irij the globe Avellward as many hours 
ns it is rail 1100:1 ; bring the ginduatcd edge of tJic qua- 
drai.t of altitude lo coincide with the day of the month on 
the nnalemrna, tlien the number of degrees on the horizon, 
reckoned from the nortli orfouth point thereof to llie gra- 
duated edge of the quadrant, will ftievv the azimuth ; and 
the number of degrees on the quadrant, counting from the 
liori/on to the day of the month will be the fun^s altitude. 

LjAMr-Lks. 1. What is the fun’s altitude, and hisazi- 
nmth from the north, at Loudon, on the firll of May, at 
It II o’clock ui the morning ? 

ylri ,( t r, ‘J'J.c allitiule is 47**, ami the azimuth from the north or 
from tho loudi 44^ 

2 . Wliat is the fun’s altitude and azinuitli at Peteiflnng 
on llie 13th of Aiigufl, at half palt five o’clock in the 
mon.ing : 

3. \\ hat i:! the fun’f: azimuth and altitude at Antigua, 
on the of June, at half pad Ji.\ in the morning, and at 
half pall ten * ? 

4. At Barbadocs on the 20th of May, when the fun’s 
declination is 20 degTet*s north, required the time of the 
fun’s appearing on the fame azinmth, twice in the forenoon 
^nd twice in the afternoon ? 

* At dU places ill the toirirt *one, whenever the declination of the fun 
txceeds the l:!titndc of the place, and Udli dre of the fame name, tht fini 
will apjiear twice in the ferenoon and twice in the afternoon, on the fame 
pohit cd thecompafs, and will caufe the th;idow of an azimurli-dial to go 
back fcvoral degrees. In t!rj^ e.vf;inp]e, the fun’s azimuth at the horns 
given ahavoM'ill be 69® from the north TovT.rds the caft"; and ar half paft 

eight o'clock, the fun will .iiy^arto Is'.e iht fame .iziimith for feme 
true. 
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5 * On the f3ih of Aiiguft at half paft eight oVlock in 
the morning, at fea in latitude 57" N. the obferved azi- 
muthof the fun was S. 40'’ 14' E., w^hat \\T18 the fuu^s al- 
titude, his true a/imuth, and the variation of the compafs ? 

6* On the I4ih of January, in latitude 33® 52' > at 
hnlf paR three o’clock in the afternoon, the fun’s magnetic 
a/imuth was obferved to K. 63 51' W. ; what was tlie 
tT lie a/imuth, the variation of the compafs, and the fun’s 
altitude ? 


P?.OEl.EM XLV, 

7 ht lauimle of the placc^ day rf the months and the futds ahU 
tilde be 'ivg given, to find the Juids azimuth and the hour of 
the day ^ 

Rull. Elevate the pole fo many degrees above the lio- 
ri/oii as are equal to the latitude of the place, and ferew 
fill’ quadrant of altitude on the brafs meridian, over tint 
lalitudc ; bring the futi’s place in the ecliptic to the brafs 
Tucridian, and fet the index of tlie hour circle to twelve ; 
turn the gloheon its axis till tlie fun’s place in the ccljpiic 
< ijincides witli the given degree of altitude on the quadrant ; 
the hours puffed over by the index/ of the hour circle will 
Tnew the time from noun, and the a/imuth will be found 
^#11 the )iui I/on, as in the Receding problem. 

Or, bv the analkmma. 

Elevate the pole to the latitude of the place, and ferew 
the quadrant of altitude over that latitude ; bring the rnid- 
cUeof the analemmato the brafs meridian, and fet thcimJi x 
of t)ie hour circle to tw'clve ; move the globe and the ejua- 
clrant till the day of the month coincides with the given al- 
titude, the hours paffed over by the index will Jhew the 


• This prublem n only avarjation of the preceding; for, by the nature 
of fpharical trigonometry, any three of the follnvi iiigquamiiiei, v'u. tlie 
latitude of the place, the Juh» deelmpthn, altitude^ azimuth^ or time of tie 
duyx being given, tJie reft may be found, admitting of Invcral variations. 
A large collection of Agronomical problems may be tound in JCM's Tri- 
gejtemtry, page Thcfc problems are ufi.iul vxcrciition the globes. 

time 
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time from noon, and the azimuth will be found in the ho- 
rizon, as before, - , , , « 

Examples* i. At w^hat hour of the day onthezilt 
of March is the fun’s ahitude 22 * ® at London, and w hat i*; 
his azimuth ? The obi'ervation bting made in the afternoon, 
Anf'u.n. time from nocm wkil te fouiul tt» 1)0 % lir.urs 30 minutf s, 

and the uainmlh 59” I'lrom the i.Jisrh th' well. I Tad the <:!)- 

foivacioii been nude be*'ori- nai *', flu Mnt fniin ncx.ii would h.)Vc b-.'tn 
hours, viz. It \v..ulJ have bi cn 30 ini. etes ^vil . in the irornins, 
and the azimJth would have been 39'' i* from the lbv;th towards the 
call*, 

2. At what hour on the ^tb of March is the fun’s alti- 
tude 25® at I^ondon, and what is his azimuth ? Theobfer- 
vation being made in the forenoon. 

3, At \vh#it hour on the ibth ol May is the fun’s alti- 
tude 30"* at Lifi)o;», and what is tlic azimuth ? The obfer- 
vation being made in ihe afternoon. 

4* Walking alon^j the fide of Qucen-fqiiare in London, 
on the 5th ofAuguil in the foi*cnoon, I obferved the Iba- 
dows of the iron-rails to be exadUy the fame length as the 
rails tliemfclves 5 pray what o’clock was it, and on what 
point of the compufs dad the fhadows of the rails fall ? 

Problem XLVI. 

Given the latitude of the jfface^^d the day of the months to 
Jitid at what place the Jim is' due eajl or wejl. 

Rule. Elevate the pole fo many degrees above the ho- 
rizon as are equal to the latitude of the place, find the fun’s 
place in the ecliptic, bring it to the brafe meridian, and 
fct the index of the hour circle to twelve 5 ferew the qua- 
drant of altitude on the brafs mcnidian, over the given lati- 
tude, and move the low'er end of it to the eaft point of the 
horizon ; hold the quadrant in this.pofition, and move the 
globe on its axis till the fun’s place comes to the graduated 
edge of the. quadrant the hours palTed over by the index 


• The Icftrncr will obferve, that the fun Has the fame idtitude at equal 
diltances nooiii hence it is necefiary to fay whether the obfenatton 
be irede lefoie COT aoon, otheWife the problem admits of tvro 

•iifwen. 


* 4 . 


from 
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from U^lve will be the time from noon when the fun is dtic 
cuft and at the fame time from noon he will be dueVeft, 

Or, by the analemma. 

This isexndlly the fame as above, only, inftead of bring- 
injt the fun’s place to the meridian, you bnng the ana- 
i»"innia there, and,- iiillead of bringing the fun°s place to 
the graduated edge of the quadrant, the day of the month 
On the analemma mull be brought to it. 

Examples, i. At what hour will the fun be due cafl 
at London on the 19th of May ; at wliat hour will he bo 
due weft ; and what will his altitude be at thefe times ? 

Attfwcr, The time from when the fun it due eait, is 4 hours 54 
minutes; hence the fun it due eail at lix minutes paft feven o'clock In the 
ipcyning, and due weft at 54 mtnucet paft four in the afternoon i tho fun’s 
altitude may be found at the fame time, at in Problem XLl V. !n tUs 
ejumple it is 15'' z 6 \ 

2* At what hours will the fun be due eaft and weft at 
London on the 2 ift of June, and on the 21ft of December ; 
and what will be bis altitude above the horizon on uie 2 x ft 
of June ? 

3. Find at what hours the fun will be due eaft and weft, 
not only at London, but at everv place on the furface of the 
globe, on the 21 ft of March ana on the 23d of September i 

4. At what hours is the fun due eaft and weft at Biicnoa 
Ayres on the zift of December i 

Problem XLVIT; 

Ghen tiejutft mcrislian altltudey and the day af the menthy 
to Jlnd the latitude of the place. 

Rule. . Find the fun’s place intlie ecliptic, and bring it 
to that part of the brafs sneridxaa which is numbered from 

* If the latiuide be sibith, and the .fun’s decUi\ation be fouth, will 
be due esft^ and weft when he ll -beloW the horizon ; and ihb fdme'fldAg 
wiH happen if the latitude be fouth when tlie declination is north. 
pics exerctiing thefe cafes arc ufeleftt however they are eafily folved, if 
w'e c<nil]der that, when the fun is due eaft below the horison at any time, 
the oppoftte Mint of the ecliptic wBl be due weft above the horixsn ; 
therefore , inftead of bringing the .lowei edge of the quadrant to the eaft of 
the hori^n,* bring it to the weft, and, inftrad 'if ufing ths fun’s pi^e, 
make ulc of a point in the ccIqKic diameiriwally op jKifitc. 

the 
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the equator towards the poles ; then, if the fun was fauth 
ofthcr obftwr whv:. tlit* altitude wa.s taken, coinit the miin- 
bcr of cl( c;rees from the lunV place on tlu* brafs mendiau 
tow^^rc^ t)jo foutli point of the hoii?.uii. and mark win ir 
the m.knnii)^ tiiclb ; bring this mark. to c(»iiicide wiili the 
foutli ]ioiut of llie horizon, and the elevation of the north 
poh‘ Will ihew the latiinde* If the fuji was north of tlic 
obfcrYiT wIkmi tlie altitude wa« taken, the degieea mull be 
counted in a fimilar manner, from the fiiu’ii place towards 
tlie north jiolnt of the horizon, and the elevation of th© 
fouth po!t‘ will Ihow the latitude. 

Or, without a ci.obe, 

iSuhtrafl the fun^a altitude from ninety degrees, the re- 
mainder is the zenith diflance. If the fun be fouth whdn 
hir,. .lUitude is taken, call the zenitb diftanre iioith ; but, 
it r«f>rth, call it fouth ; find the fuu^» declination in aiiephc- 
tuem f or a luble ot the fuo*s decliimtiioii^ and mark whe- 
ther It bo north or fouth | theui if the zenith diflaoce and 
declination have the (ame namei their Turn ii the latitude" | 
but| if they have contrary names, their difference is the la* 
litude, and it is always of the fame, name with the greater 
of the two quantities. 

£xAMPt£s* I. On the loth o£May 1808, I obferved 
the fua^s meridian altitude to be 50®, and it was fouth of 
me at that time ; required the latitude of the place 2 
j7« 39» north. 

JSy taickiuihtt^ 

' 91".^ o' 

50 o l 9 ., fun’s fildtuJtf »t nooto* 

40 o N,, thr zenith tliftance. 

17 39 N., the fun s dtclination lOth of May s$o8* 

57 the latitude fought. 


^ It is ncceiTary to (bate whether the fun be to the north or fouth of the 
vihferver .it noon, otherwife the problem is unljiinitcd. 

t *l'he wott convenient is Wldte’s Kybcmcris ; fee Uic note 38, 
t'l the Niutiwl Almanac* 

2. On 
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2. Oil tiic loth of May i8o8, the fun’s maridiiin alti- 
iinlc was obfmud to be 50®* and it was north of tin* ob- 
f(\*-vc'r at t}iut time ; required the latitude of the place I 

. Ijn :i. 1 laiitiidc is 2 z' 21 ' iouth. 

IJy caLulaiUiu 

90** o' 

CO o Nm lull's altitude at uooDi 

40 o , tlic zenith did.inee. 

^7 39 N.} the iuQ*s decliiiatioih 

22 21 S., the latitude fouitht. 

3. On the jth of Aupuft it>o8, tlic fun’s meridian alti* 

tilde was obferved to be 74® 30' north of the obferver } 
\N h^l was the latitude ? * 

4. On the 19th of November t8o8» the fun’s meridian 
aliitudc w as c^fei ved to be 40^ fouth of the ubftrvc^ I 
IS hat WAS the latitude I 

c. At A ceitain plec^i w]ttr« the .docks ere two hottri 
falfcrthan at Loudon, the fun’s meridien dtitmde was ob« 
fri ved io be fto degiees.to the fouth of Uie obfsnosr on the 
a I ft of March ; required the place i 

6. Ata place where the clocks are five hours flower than 
at London, the fun’s meridian altitude was observed to be 
Co® to the fouth of the obferver on the 16th of April 1808 | 
required the place ? 


Problem XLVIII. 

T/je hngli of the longejl day at any plfuc^ not wUiltt the polar 
cirefa being given^ to find the latitude of that places 

'RuLr.. Bring the firft^ point of Cancer or Capricorn to 
the brafs meridian (according as the place is on the north 
or fuutli fide of the equator and fet the index of tlie hour 
circle to iw'ehre ; turn the globe wcfiward on its axis till the 
index of the hour circle has puffed over as many hours as 
are v'qual to half the length of the da> ; elevate or deprefs 
lie i ill the lu:a’s place (viz. Cancer or Capricorn) 

comes 
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comes to the horizon ; then the elevation of the pok will 
/hew the ktitude. 

No*rF.. This problem vi'iUanf^ver for any day in the year, as weH as 
the longeft day, by bringing the iVut's pLiCc to the brat's mtridiaD, aud 
proceeding as above. 

Or. Biing the middle of rhe .malrm'Di *0 > brafs meridian, am! Tet 
the index of the hour circle to la ; lui.i t:.t '»e ^veftward on its axis 
till the index has pa^Ted over as many l..)urs as mi- e<jU:il to half the lei^th 
of the days elevate hr depreis the pole till the tl.iy of the month coiiifmes 
with the hotixon, then rl.c* elevation of tl't jujle will Hew the latitude. 

Examples, i. In what degree of north latitude, and 
Bt what places is the length of the longcil day 1 6^ hours ? 

AtiJ-tvir, tn latitude 52°, .uui alt *. lnc&s fituated on, or near ttist parallel 
of latitude, have the fam^! length of the day. 

2. In what degree of fouth latitude, and at what places, 
is the longeft^day 14 hours i 

3. In what ^gree of north latitude is the length of the 
loogefl day three times the length of the /hortefl: night t 

4. There is a town in Norway where the longeft day is 
five times the length of the /horteft night } pray what is the 
name of the town ? 

r. In what latitude north does the fun fet at feven 
o*dock on the ^th of April ? 

6. In what latitude fouth docs the fun rife at five o’clock 
bn the 25 th of November ? 

7. In what latitude north is the 20th of May 16 hours 
long ? 

^ In what latitude north is the night of the X5th of 
Auguft 10 hours long } 


Problem XLIX. 

Thi/bttihtde of a plnee^ and the day of the month being giveitp 
hofndhow much the Jun^e declincstion maft increafe or de^ 
treafi towards the elevated pokp to make the day an hoar 
. huger or Jiorter than the given day^ 

Rule. Find the fun’s declination for the given day,^ 
and devate the pole to that declination ; bring the given 
place to the brafs meridian, and fet the index of tlic hour 
circle to twelve } turn the globe caft ward on its axis till the 

given 
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given place comes to the horizon, and obfervc the hours 
p jdTed over by the index : then, if the days be increafing, 
continue the motion of the globe caftvvard till the index has 
palled over another half hour, and raife the pole till the 
place comes again ' .to ttie horizon, the elevation of the 
pole will (liew the fun's dechnution when the day is an hour 
longer than the give i day : but, if the days be decreafing, 
turn the globe wcflward till the index has paffed over half 
an hour, and deprefs the pole till the place comes a fccontl 
time into the horizon, the lad elevation of the pole will 
fliew the fun’s declination when the day is an hour fliortA* 
than the given day. 


Or, 

Elevate the pole to the latitude of the place, find the 
fun’s place in the ecliptic, bring it to the brafs meridian, 
and fet the index of the hour circle to twelve ; turn the 
globe weftward on its axis till the fun^s pl^jpe comes to the 
horizon, and obferve the hours paffed over by the index ; 
then, if the days be increafing, continue the motion ^ the 
globe weftward till the index has pafled over another half 
hour, and obferve wbat point of the ecliptic is cut by the 
horizon ; that point w’ill ftiew the fun^s place when the day 
is an hour longer than the given day, whence the. declina- 
tion is readily Ibund : but, if the days be decreaiing, turn 
the globe eaftward till the index baa pafiecl over half ai^ 
hour, and obferve what point of the ecliptic is cut by the , 
horizon ; that point w'ill ihew the fun’s place when the day 
is an hour Ihorter than the given day. 

Or, by the ANALEMM 4 . 

Proceed exadly the fame as above, only, inftead of bring- 
^ng^tbe fun’s place to the brafs meridian, bring the ana- 
lemma there, and, inftead of the fun’s place, u^ the day 
of the month on the aiialmma. 

Examples, i. How much muft the fun’s declination vasy 
that the day at Loudon may be increafed one hour from ; 
the 24th of February ? . . 
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Atifu'er. On thc*4tli of Fcbrunry the fiin’.5 decHnniioii is 9** 38'fouth, 
nndthc fun lets at a (quarter pait five : when the fun lct.^ at tiircc quaiters 
paft five, his fleclination will be found to ho about 4i''louth, anlwerinj^ 
tothexoth ofMardi: hence the declination has dtcieared 5*^ 23^ jnd 
the days have iticrcai'ed 1 hour in 14 days. 

2 How much mull the fun’s declination vary that the 
day at London may dccreafe one hour In length from the 
26th of July ? 

Anjkvgr. The fim’.s declination on the 26th of July is 19*' 38' north, 
and the fun fees at 49 min. paft iVven ; when tlic fun Tuts .« ly miii. ]ijU 
feven, iu;> decJiiution will he found to he 14*' 43' north, answering; to tii;: 
I 3 ih of Auijull : hence the decUuiitioii h.ir. decrcafod 5'' 55', and tlic day** 
have decrcnlcfl onr hour in t8 diys. 

3. How much miifl; the fun’s declination vary, from tlie 
cth of April, that the day at Pctcriburg may incrcafe one 
iioiir ? 

4* How much miift the fun’s declination vary, from the 
4th of O&ober^ that the day at Stockhokn may decrcafe 
one hour i 

t • 

Problem L. 

Tojind ilif fun^s n^ht n/cenfionf oblique afcenfion% oblique </r- 

Jeenjion^ afcnl/ionul difference^ and time of rtfing and fetting 

at any place. 

Rule. Find the fun’s pkre in the ecliptic, and bring 
it to that part of the brafe meridian which i» numbered 
from the equator tou ai ds the poles ^ ; tlie degree on the 
equator cut by the gtaduated edge t»f the brals meridian?, 
reckoning from the point Aries cull ward, will be the fun’s 
right afcenfioii. 

JElevate the pole fo many degrees above the horizon as 
are equal to the latitude of the place, bri ng the fun’s place 
in the edSptic to the eallcrn part of tlie Ivorizon f , and the 
degree on the equator cut by the honzou, reckoning from 


e The deRvee tm the meridian abtwe the fun's place Ii the fim'i devli> 
nsticm. See Prob. XX. 

f The rtfing ampUtode may be feen at tbs lame iim«< Set PxcUem 
SaLJu* 

T 1* the 
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the point Aries caA.ward» will be the fun’s oblique afccn- 
on. Bring the fun’s place in the ecliptic to the weftcni 
part of the horizon *, and the degree on the equator cut 
by the horizon, reckoning from the point Aries caftward» 
will be the fun’s oblique dcfceiifioii. 

Find the diffei^encc between the fun's right and oblique 
afccnfion ; or, which is the fame thing, the diflhrcnce be- 
tween the right afcetifion and oblique defceniion, and turh 
this dilFeience into time by multiplying by 4 f ; then, if 
the full’s declination and the latitude of the place be both 
of tlie fame name, viz, both north or both foiitlv, the fuu 
rifes before Jlx, and fets after fix, by a fpace of time equal 
to the afcoiificmal difference ; but, if the fun’s declination 
and the latitude be of contrary names, viz. the oiijf north and 
the other fouth, the fun rifes after fix, and feta before fix. 

Examples. 1. Required the fun’s nght afceuliony 
oblique afeenfion, oblique dcfccniioii, afccnfional diflerCnce, 
and time of riling and fetting at London, on the 15th of 
April i 

Afijhi'er, I'ho right afeenfion is 23® 30', the oMiqn® afeenfion » , 

fljc UiiFcrence 123“ 30^ — 9" 45^ rr) I3'4j' 55'iniuutec 

of uiTic ; conioqiMMitly the lun nies 55 miiKite^tteti'rc 6^ or 5 mifi.piill 
.nut let < 55 min. pail 6 The oKique defcenlion is 37**13"; conlc- 
quenrly, the dcfccnfional diflTereiiL'c is (37^' ij' — 23'' ;>o' rr) 13' 4.5 S 
rhu Uine as the ah:cnlional difference. 

2. What are the fun’s right afccnfion, oblique aTcenfion, 
and oblique defeenfion, on the 27th of September at Lon- ^ 
don ; what is the afccnfional difference, and at what tiiUe 
does the fun rife and fet ? 

3* What are tiie fun’s right afeenfion, declination, oblique 
afccniion, rifing amplitude, oblique defcenlion, and (etting 
aniplitude, at Londou, on the iff of May; what vi the 
afceniional difference, and at what time does the fun rife and 
fet ? , ^ . 

4. What are the fun’s right afeenfion, declination, oblige 
afcenfionif rifing amplitude, oblique defeenfion, and fetting 


» The fetting amplitude may here be feen. Vide Frob. XLIll. 
t See Problem XVlll. 
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amplitude ;u Pcterfburg, on the 2ill of June; what is the 
afcenfioual difference^ and at what time does the fun rife 
and fet ? 

5. What are the fun's right afcenfion, declination, o!)- 
lique afcenfion, rifing amplitude, oblique dcfcenfion, and 
fetting amplitude, at Alexandria, on the 2 1 ft of December ; 
Tivhat is the afccnfional difference, and at what time does the 
fun rife and fet ? 


pRObLEM LI. 

Given the day of the months ami the amplitude^ to find 
the latitude of the place of obfe r vail on. 

Rule. Find the fun's place in the ecliptic, and bnng 
it to the eaftbrn or weftern part of the horizon (according 
as the eaftern or weftern arnplitiide is given), elevate or 
dejprefs the pole till the fun’s place coincides with the given 
amplitude on the horizon, then the elevation of the pole 
wiUfhcw the latitude* 


Or thus 

Elevate the north pole to the complement ^ of the am- 
plitude, and ferew the quadrant of altitude upon the brafs 
meridian over the fame degree ; bring the rquino^ial poiift 
Aries to the brafs meridian, and n\ovc the quadrant of alti- 
tude till the fun's declination for the gpven day (counted 
on the quadrant) coincides with the equator ; the number 
vS degrees between the point Aries and the graduated edge 
of the quadrant will be the latitude fought. 

Etamplf.s. I. The fun's amplitude was obferved to 
be 39® 48' from the eaft towards the north, on the 2rft of 
Jane { required the latitude of the place ? 

Anfwer, 51® 34' north *f. 

^ 

• The compkmftDi of the amplitude is found by fubiraftinj the ampli- 
tude from pc'*. This rule is exaeily titc ume as .ihove ; for it is fbrtned 
from a right angfed fphcncal uiaiigle* the bale being the complement of 
the amplicjil^ tti« perpoudicubr thelAutiidc cf the place, and Uie hvpo- 
tbcnueiiijBPomplemcnt t»f the iuu^ C'.i.llnauoii« 

^ SccJSiVs 'Irigouometry, page 237. 

f. Thf 
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a. The fun’i amplitude wat obferved to be ic* to' fiott' 
the eaft towards the norths at the iame time his decIlAattoa 
VMS i5*3o't requiredthc latitude ^ 

Anfwer. The htttiide was nothing. 

3. On the 29lh of MS'!)-, when the deetiiMiimwai.- 
21® 30* north, his rrAng amplitude was kiuara 
northward of the caft ; required t|ie latitude ? 

A nfw€r. 1 1' ' nortli. 

4. When the fun’s deciinatio, wat »• north, hit tiBar' 
amplitude was4' nortli of the eai^ ; le^uiied the latititder 

At^wr. tqh nurtlu 


Problem LIT. 


Gi<on two ohfeHted ehitudrt of tie fun, tirtmtfJt^J h. 

twten them, and the fun* t deeUnation, to Jtad lie kt^ude *. 

Role. Find the fun’s declination, either by the irlobe 
or a;i cphemcris ; take the number of degrees conuiiu'd 
therein from the equator with a pair of conipaflet, and an. 
ply the fame number of degrees upon the meridian paffuir 
through Libra t the eouator northward or fouth^aid 
and mark where they eateud to ; turn the elapfcd time int J 
degrees ±, and count tfaofe degiws upon the equator fiom 
tlw meridian pmag through Lfltra ) biing that poiiit of th* 
eouator where the reckoning ends to tlie graduated ed« 
of t,he brafs meridian, and fet off the fun’s declination from 
tUrt pomt along the edge of the meridian, the fame wav 
as beioro; then take the complement of the Krft altitude 
trom the equator ip your comi«ffes, and, witK, one foot m 


• * D'ffrrtation ro tlie Rife andProgreS .rNsitii- ■ 

l^y the elob* by Mr. Rohm Hoes, s.,d publiiht-d in jro^; and Ik’ 
Atackay. m wpt ijfi of hi* CW/rO mendoniitie 

cuiadant.e. 1 Iu»s not Am eU* to proeure this book, nor her* 1 ««•* 

ferns loliitMntotlK’^aWein by the 'f * 

+ r^y roeriiiiai) «il| anloer the purpofe is o ell at that wh^ -nsffW ' 
through Libia i on .AiUms ^obes tbu nieridun it divided like the^sri 
•ii^ridian. ™ •“■it 

; Her ;i|^ metiw oi' turiiinj; time inr-i degrees, Prok XiX. 

« the 
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the fun’s ^lediaatioii^ and a fine pencil in the fuotp 
deferibe an arc ; take the eompleineut of the fecoiid alu- 
t tide* in a fimilar inannci* from the equator, and, with one 
foot of the compaffes fixed iit the fec'ond point of the 
•declination, erofs the former arc : the point of interfeO'tion 
brought to tluit part of the brat's meridian which is num- 
bbird from the equator towards the poles, will fland under 
tlie degree of latitude fought. 

ExAMPLr.s. I. On the 4th of June 1808, in north la- 
titude, the fun’s altitude, at 29 minutes pall xoin the foi%. 
noon, .was ^65^ 24', and at 51 minutes pall 12, the altitude 
was 740 8' ; required the latitude ? 

Anju'tr, Tlw fun* decUnatioii was 21*' 27' noith, the il.ipiVd tune 
was two hours two tmii., aiiiwortng to 30'* 30' ; the complement of th® 
firft altitude was 14® 36', the complement of the Iccoud aUiiude 13" 52', 
and the latitude fought 36'* 5 7' north. 

2. Given the fun’s declination 19-^ 39' north, his ahkude 
in the forenoon 3?® .19*1 and, at the end of one hour and a 
half, the fame morning, thcidtUudc.was 50® 25 ; required 
tiie latitude of the place, fuppofing it to be north r 

AnfvHr. 31 '’ 35 ^' *• 

3, When the fun’s declination was 22® 4x3' north, his. 
attitude at 10 h. 54 m. in the forenoon was 53'’ 29', and at 
i h. 17 m. in the afternoon it was 52*48 ; required die 
latitude of the place of obfervatiou, fuppofuig it to be 
north ’ 


Avf’ivir, north. 

4. In north latitude, when the fun's declination was 
22^ 13' fouth, being ou the 5th of December, the fun’s 
attitude io the afternoon w-as Served to be 14® 46; and, 
after I h. and 22 m. had elapfed, his altitude was 8® 27’ j 
«qu^the^it.wie? 


» A grc*t \tf lety^ txomplcs, accufatsb cskulacod by a geaeral rSla, 
wiclKWt an affumodlalilttdfa, may ba iaca -m KAtk'j Trigtm^mUryt page 
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Problem LIIL 

7'hf daf and hour hctng when it fotar eclipfe will hap^ 
pen^ to find where it will he vfihle. 

Ru LE, Find the fun’s declination, and elevate the pek 
agreeably to that declination ; bring the place, at wnich 
tiic hour is given, to that part of the brafs meridian which 
is numbered f^om the equator towards the poled, and fet 
the index of the hour circk to twelve ; then, if the given 
time be before noon, turn the globe weflward till theindex 
lias pafTed over as many hours as the given time wants of 
noon ; if the time be pad noon, turn the globe eaftward as 
many hours as it is pall noon, and exafll^ under the degree 
of the fun's declination on the brafs meridian you will find 
the place on the - globe whore the fan will be vertically 
eclipfed ; at all places within 70 degrees of this place, the 
cclipfc may ^ be vifible, efpeciaUy if it be a'total cclipfc. 

Example. On the nth of rebmary 1804, at 27 min* 
pnll ten o'clock in tlie morning at l.oodcin, theiv w^as an 
eclipfe of the fun ; where was it vifible, fiippofing the 
Hiooii’fi pcnumbral fhadow to extend northward vo degrcea 
from the place where the fun was vertically cclipied i 

Anpucr. I.(4idon, Src. For more exempfai conl'ult the Tabic of 
IcJipics, following the next prablem. 

PaOBLEM JLIV* 

The day and hour heing given when a hnar eefe/fie will tap* 
peUf to find where it witthe vifihlt. 

Rule. Find the fun*« dedmttion for the given day| .. 
and note whether it be north or4piith ; if it he north, ele* 


* When the tnoon^ exsdiy k the>«a#, and when the axes of the 
r^r>onh ihadow and petiumliai pa6 tkough’lhe cetttie ef the earth, the 
tjf.-Adth <if the eanh's fuidace under the pentimhral Ihadow b 7 <y» | 

ctMi the brevdihof ahU dud^ is vafiaMr ; and, if it be not accurately de* 
vrmmed b)' calculatioii, it is iitipaffible te fcH by the elobc to what tatent 
cclipt'eofthc iun wiUbe viable. 

M ? 


v.Ue 
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vate the /os/ti pole fo man^jr degrees above the horizon as arc 
equal to the declination $ »f it be fottth, elevate the nari/i 
pole in a limilar manner ; bring tbc pLtce at whijch the 
hour is given to that |)art of the tnjsridian which is 
numbered from the e ciuator towards the poles* and fet the 
index of the Itour^cinJe to twelve | then* if the given thae 
be befoee nopti^ tarn the globe wi^ward aa man^r bciirs as 
it waiBlaf of noon ; if after noon* turn the globe eaftvrard as 
Tnuay hours a» it ts pa£ll noon ; the place exadUf under the 
degree of the fun’s declination wilt he the antipodes of the 
place adhere tlie moon is verticall^ eelipfed. Set the index 
of the hour circle again to twelve* and turn the globe ou 
its axis till tlic tUdex has pafTed over twelve hours ; then to 
all places above the horizon the ect^fe will be vilible ; to 
tlioic places along the weftern edge of the horizon the moon 
v'iU rile cclipfed ; to thofe along the eaftern edge fbe will 
i'ft eclipfed ; aud to that place immediately mider the fun^s 
declination the moon will be vertically eclipfed. 

Example. On the 26tlt of jrai»ii«aiy 1804^ at 58 min. 
pail feven in the afternoon, at London* there, was ad eclipfe 
of the moon ; where was it vidble f 

Jnfrver. ft was vifiMc to the whnle of Europe* Afriet, end .dbe 
continent of AlNu nNire examples, fee the Tnble of 

Ei'hffcs. 

Noi r. The fuhftance of the following Table of Ecbples was e»- 
tr.»^ed from Dr, Hutton i trnnflation of ^ontuda's edition of Oxafiam*v 
mmI a I M^ctf^tions yfMtij^cd by Mr.Kearfley in Flcet- 

ilrcot. 'fliefe ccliplcs were origin.,Hy caicubted by M. Pringre, a mem- 
hfi of the .icademy of ll icnce^, and pubiifbcd in JL* Art da verifirr la Datet, 
In d^pg thefe tables, the Wfansementof Mr. Perridba has been fol- 
' IsWedi foe page ady of bis.Aftrcaaomy^ where a satfl^wis of the vifibie 
ecHpfet^ Is given from 1700 to iwo* taken from rS de^er’Jirr ks 
It nifliy be.sfcefn^ry ,10 iiiibim the If truer, that ths times of thefe 
bvAs- FVlngf^ are notytcAe^ly iiccarata*..apd weiW 
wlrinril ec))pfef:«iiy be Mp«£lbd to 
}M|ipea. The Umlri where thefe ecl^cs ate viable are |;cnerally from 
' thCTTCpitof'C^itscttltS Africa, to cbe horthern estremicy of jLaplaiid,""afid 
frnm the of SP AJs* *0 .dmitofth polar drde ; 

though firnif feip m C^ps aw hsyrinl tbs. pole* Sit ioogatode, the 
bmha nr« dm Jiih. ^ Rien^Spna^m^finreho sotb eo pifr tbremgh 
Pui>; hence it apptam tbaf .tbcy, ase/mlriiMedAw.thejjRsriditn of Ferro ; 
which will make Uinits fiamtk | 40 diddU? 4 a bc.fromx&* 41^ wfft long. 
?o X 3 7" 14^ eaft. M. Prhifri iays* chan an^ecllpIeolUm iwi ia,yilU 4 ia|m*n 
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U ' to 64® and a» f^r lbi.th oftlie pli?e where ft ii central. In tfx' 

tullottiiig tabic the niopfi ia repre/bntej hy ]> , the fuii by Q, 1 
total, P for partial Mfor morning, and A for afternoon ; the rcll 
#'bt'ic\iT 
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the TERRESfTRIAL GLOB'l. 


II 

and Time, li' V ears 
D.iys. !; 


Months 
and '1 i>n' 
D.iys. 


'1H54 : DP Nov. 4 [9^ A 

Mayz j+i M 
; 'Miiy 16 12* M 

I :i)T OAob.25j« M 

1S56I I P lApril 20 \<)\ M 

I Q ^Sept. 29 4 M 

! j^P lOdob. 13 A 

1857 O iSopt. 18 6 M 

1858 DP Feb. 27 ia‘ A 
;> March 15 o{ A 

DP Augr. 24 2I A 

1H59 DTiFeb. 17 II M 

0 jjuly 29 94 A 

DTjAiig. 15 4i A ' 

1 860 pr Feb, 7. 2iM 

O Julyi8 2 A 

-—DP Aug; X j}A* 
i86t O Jfttf. n 35 M 
— -jO Ji 3 l 78 ■ 2 M 

r Dec. 17 8fM 

— O ' Dec 31 2^ A 
1862: DT|JunC 12 ' 6 i Si 

JTiDec.6 • M 

-{O Dec ji 5iSl 

iS63i;3i May 17 5 A 

— D T June 2 o M 

IpP jNov, 25 9M 

1864!.;; [May 6 M 
18651 DP ‘April II 5M 

^;DPrOAolx4lii A 

iO lOdob. 19‘5A 


!i 867( D P March 20.9 M 

1 D P Sept, 14 I Ai 

j 868‘» 1 Feb. 23 2; A 

!0 lAug. 18 M 

j:i869» DP iJaii. 28 I* M 

Ik D P July 23 2 A 

I, O Aug. 7 10 A 

:iS7o D T .Tail. 17 3 A 

I DT July j 2 XI A 

I D Dec. 22 oJA 

‘1871 DP .Taii.*6 9l ^ 
— — Si^> JilliC 18 M j 

— ■- DP July 2 A 

j— Dec. 12. 4 iM 
1872 May 22 
ifri-]-:: June'fi.l 

D P Nov* ij; M ] 
I1873I D'P May 12* 


May 26 i’ 9 |®* 
-L— DT Nov. 4 ; 45 ^ 

11874 J>P May I , 

— — Od. 10 UtM 

D P OA. 25 8 M 

1875 April 6 7 M 

© Sept. 29 iii A 

11876 pP March 16*6 1- M 

D P Sept. 3 19; A 

1877 DT Feb. 27 7 r ^ 

© March ifS M 

— 0 Aug. 9 15 M 
dT Aut 23 till A 


1866-© jMarch 16:10 A :!i878j DP ‘Feb. 17 tni M 


DT iMarch 31 5 M 

^j DT jSept. 24 2*^A 

’ I© iO«ob, 8 54* A 
1867IQ jMarch 6 10 M 


;l— — O July 29 Ipr A 
! — — DP Aug. 13 'ofM 
1.1879 ^Meiid. 

i, — — C July 19 I9 M 
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Jil. 


^*^/9 h I' Dto. iH A 
fan. u II A 

1 ); T /line 22 z A 

— ^;Tr)cc, 56 4 A 

jOf rDcf.^l 2 A 

May ^^8 oM 
— - h T I n:!e r 2 '/ 4 M 

I)P ‘'cc. 5 5^ A 

I o'; V?ay »7 < A.t 

\ov. II oM 
j. ? ixlcfid. 

1) P 16 7*4 M 

oi M 

1884 March 27 6 M 
h T April fo Mtrid. 
r-~ if T 0 &. 4 SQ\ A 
^ Oft- 19 ] M 
11885 ^ P March 30*5 A 
i P S^pt. 24 M M 
i886 O Aug, 29 A 
18K7 l-P Fch, 8 loiM 

— t DP Aug. 9 A 

Aug<vX9 6M 

188$ DT Jan- 28 uj A 
i; T July 23 *6 M 
18S9 /. P :Jan. 17 5I M 
P ^July 12 9 A 

— - jDtc. 22 I A 

1890 .PuuHe23 gM 


rSgo i; P Nov. 26 2 A 
1891 I)T ;May2 3 7 A 

0 vliine 6 14 i A 

2 )T Nov. i6 M 

J ^92 .3) P May 11 1 1 ^ A 

J) T Nov. 4 I4 i- A 

*8930 April 16 3 A 

1894 P P March 21 24 A 
— O April 6 4I M 
— ^ 1>P Sept. 25 4-J M 
0 Sept. 29 M 

1895 3) T March 11 4 M 

March 26 10 M 

Q Aug. 20 p{ A 

— - 3) T Sept. 4 6 M 

1896 D.P Feb. 28 6 A 

Aug.9 4i M 

— yF JAm. at M 
1 9 m No vinUe £cnp&. 
t8$lk);P|Jaa.8^ 0! M 

— — © Jjnn. aa 8 M 
— — _J.P 'July 3 D{ A 

^TjDec. a7 la.A 
tdof) ^ iJaa. aa ii A 

— H O 7 M 

— -I aTjJuneaa *t A 
— 1) P iDec. 17 I J M 
jlpOO T', •May 26 35 A 

jP;Jiinei3 UM 

j — — ^ iNov. aa [s M 
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A ' 1 ABJLP. 

roil riNDlUO THK moom's ac«. 

Add the number taken from this tabl.e t 
the day of t!.e month ; the fum (rejee 
ting 30, if it exceeds 30,} is the moon' 
age 
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Though the preceding table be calculated only for nineteen years^ it 
'will anlwcr for a century to come, by changing the years at the exj^'lra* 
T ion of nineteen ; thus, inflead of 1805, write k 8 24, and.foon in a gra- 
dual fuccefljon to 1842, without any alteration in the figures under the 
months ; and, when thefe ycare nrc cl.ipfcd, be^rm again with 184 >* 

time oj' ns'tv mtton luay bc had by I'ubtraCling the number in the table 
oppoh'tc the give;n year, and iiiuior the gi\eii month, fiom 30; thu( the 
time of new moon in March 1820 is on the 14th (rr 30—16) ; in De- 
cember tile fame year, new moo’i happens en the jth (zz 3® — 2 j) ; and 
fo on for any other year and month. 

7# J!md the time •/full mwtt fubtraft the ntimher in the tabic, oppofitc 
the given year and under the given month, from 30 ; if the remaindifr he 
15, full moon hnpponson the ^Orhday of the month ; if theremaindcr ex- 
ceed l y, tin* excefs jbove 15 is the day of the month o;i which full memn 
happens ; if the remainder fall fhort of ly, add 15 to it, and theium will 
Ru“.v flic day of the month on which full moon will happen. Thus, full 
mocin happens on January 30, 1820, (30— i jrzzi5). In Novemhier 1818, 
full moon happc.M«» on the 12th (30 — 3 ~ 27, and 27 — 122 ). In 

January »8i8, full moon happen* on the 22d (30 — 23:3 7, and 7 4- 
i 5 n 22). At the time of conjundiinn, or new moon, the fun and moou 
arc in the fame fign and degree, and the moon's motion is 12^, xi' 6 '* 
fwif^ct than the apparent motion of the fun (fee the note page' 76) ; if 
this difference, therefore, be multiplied by the moon's age, tffe prMii^f 
will give the number of degrect which the moon's place is before^ the 
Ain's { and, as the lun's place is readily found by the globe, the moon's 
pkee will be eaHly obtained. JLikewife, if the place of the moon's node * 
be given for any pntLicular year, its place for any other year may he caU 
eulated, the mean annual variation being about 19"! 9^44'' (fee page 235.) 
Hence the following problem may be folved, though not very accurately, 
witliout an epbemcris. 


* In a centra] eclipfe of the moon, the moon’s place at thd middle of 
the eclipfe Ls directly oppoftp to the fun^ and the muon is then in unr of 
her node^. Tf the luit's place in the ecliptic be determined at that time 
by obitrvai;uii, the oppofice point w^ be the true place of die moon's 
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Problem LV. 

’Vo Jind lh€ time of the year lahen the fun or moon^ mnUle llabl% 
to be ecllpfeiL 

Rule. i. Find the place* of the moon’s ngdes^ the 
time of neno moony and the fun’s longitude at that time, by) 
an ephemeris * ; then, if the fun Ijl within 17 degr4tcs of 
the moon’s nodk.*> there will be an ecli]de of the fun. 

2. Find the place isf the moon’s nodes, the time of full 
moon, and the fun’s Umgitude at tint time, by an ephe- 
ineris ; then, if the fun’s longitude be within 12 degrees 
of the moon’s node, there will be au cclipfe oi tiu 
moon. • 

FtAMPLEs. 1. Oil the iJtH of January 1B05, then; 
was a full moon, at whicli time the place of the moon’s 
node was yp 25® 54', and the fun’s longitude VS 25® did an 
cclipfe of the moon happen at that that time \ 

Anfive** H«rc tlie f0» wjn riiMrIy in the t»u>r)n*5» pf>dc, i herefore a tvVA 
criiijfe at the moon torfc pttcc; for, whrn tl»c Him Is »n one#»f the tthwi’s 
I' tJiif's .it the time of full moon, the moon is in tlie j»ihrr iioJe, aitd the 
earth is dticctly between thern ; thomouu’s pl.ice was cuiilv<|ae»tiy ribout 

in Cancer. 

2. It appears, by the foregoing table, tlial there was ^ 
new moon on the 30th of January 1805, at wdiich tiiue the 
place of the moon’s node was 25® 1 6', and the fun’s, 
longitude or place was 2:; loo ; was there an ecliplc of 

un at that time ? 

3. By the foregoing table, or by an ephemoris, there will 
be a newTTioou on the lytli of Ociobei i8c8, at whicli lime 
the place of the moon’s node will be m 13" 6' iiiid the fuii’t- 
longitude -5'J 56' 5 will there be an eclipfe of the fun at 
that time ^ 

4. On the 3rd of November tFo8, there will be a full 
moon, at which time the place of the moou’o node vviU be 

12® 18' and the fun’s longitude *Tj 10 55' : will there 
be an eclipfe of the moon at that time ? 


Or 


* White's Ephcnicri<, or the Nautied AhnsMC. 

^s6 
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5. On the 4th of April i8io» there will be a new moon, 
at which time the place of the moon’s node will be ^ 14*'' 
57' aad tlie fini’s longitude 14^ 4' ; will there be an 
fclipfe ok the fun at tfm time i 

6. On the 28th of September r8io there will be a new 
moony at which time the place of the moon’s node will bt 

y® 32’ 5 and the fun’s longitude ^ 4° 40' ; will theic 
he anedipfe of the fun at that time ? 


Problem LVI. 

lo expidtn iif fhttiomfnon of the barvejl moon- 

Dm Mill ON I. The harveft moon, in north lutitudg, 
i§ the full moon wliich happens at, or near, the time of the 
antumnu] equinox ; for to the inhabitants of north latitudcy 
whenever the moon is in Pifees or Aries (^nd fhe is hi thefe 
figris twelve times in a year), there is very little difference 
between her times of rifiiig for feveral nights together, 
becaufe her orbit is at thefe times nearly parmlcl to the ho- 
lizOB, This peculiar rifing of the moon paffes unobferved 
at all pthcr times of the year except in September and Oc- 
tober for there can never be a full moon except the fun 
be dmsAlfr pppofite to the moon ^ and as this particular 
rifing of^j/e riicJon can only hapjien when the moon is in K 
Pifees or V Aries, the fun nuiil ncceffarily }>c either in ^ 
Virgo nr Tjibra at that time, and thefe figns anfwcr to 
the months of September and Ov^ober. 

DtriNiiios 2. The harveft moon, in fouth latitude, 
is the ful! rnt-nn which happens at, or near, tlie time of the 
vernal equinox $ for, to tiie inhabitants of foiith latitude, 
whenever the moon is in »»ip Virgo or a I^ibra (and flie is 
in thefe fijgus twelve times in a year) her orbit is nearly pa- 
to the horizon ; hut, v^hen the full moon happens in 
llWirgoor Libia, the fun muft be cither in K Pifees 
or X . Hence it appears that the harveft moon® are juft 
us regular in fouth latitude as they are in north latitude, 
Only thiy happen at contrary times of th<? year. 


Rule 
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Rule for performing the problbm.~i« For 
n^rth latitude. Ebvftte tiiB north pole to the htitude of the 
placed put a piUcb or make a mark in the ec%tic on the 
point Aries, and upon every twelve * degrees preceding and 
foUoR'mg that point, till there he ten or wven marks ; 
bring that mark which is the neareft to Pifees to the eaft- 
ern edge of the horizon, and fet the index to 12 ; turn the 
globe wollward till the other marks fuccelfively come to 
the horizon, and obferve the hours pafled over oy the in- 
dex ; the intervals of time between the marks coming to the 
horizon will (hew the diurnal difference of time between tho 
moon’s riling. If thefe marks be brought to the weftern 
edge of the horizon in the fame manner, you will fee the 
diurnal difference of time between the moon’s fetting; for, 
wlien there is the fmalleft difference between the times of 
the moon’s riling f , there will be the greateft difference 
lietweeii the times of her fetting ; and, on the contrary, 
when there is the greateft difference between the times of 
tlie moon’s rifing, there will be the leaft difference between 
the times of her fetting. 

Notk. As the moon's nodes vary their pofitioii nndforh) a complete 
revoVitioii in about nineteen years, there be a regular period of all the 
vjiijttes which can happen in the rifing and fetting of the moon during 
that time. I'Je following table (extrafted from Fcrgufon*t Aftrononiy) 
Ihcws in what yearj the harvell moons arc the lead and the molt hcncli. 
cmI, with regard to ihe times of their rifing, from 1805 to i860. The 
c:}l'.iniiir^ of years under the letter L arc thoTe in which the harvclt moons 
ate lead beneficial, becaulc tt>cy fall about the dcl'cending node; andthpTis 
\!rivl;!r M are the mod beneficial, becanfe they fall about the afcentKng 
node- 


* I'iie reafon why you mark every iz degrees is, that the moon gains 
1 1' of the fun m the ecliptic every day (fee the 2d note, page y6). 
f Ac London when the moon riCes iti the point Aries, rh^* ecliptic at 
th.it point makes an angle of only 15 degrees with the horizon ; bur, 
when Ihe feis in the point Aries, it makes an an angle of 6z degrees : and, 
when the moon rilies in the point Libra, the ecliptic, at that point, makes 
an angle of 6z degrees with the horizon ; but, when fhe lets in the \^^afiX 
Libsa. it only makes an angle of 15 degrees with the huiizon. 
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¥> L JL L 
2807 1814 1:831 1847 

x8o8 1815 183B 1848 
1809 xSi6 1833 1849 
i8to i8»7 1834 1850 
181 1 1828 1844 1852 
if 12 1829 184,^ 18 j 2 
ifiii i8jo x 84 <) 


M M M M 
I x8qc i2iz i8j8 i8:t4 
1806 1823 3? 39. XK?.,- 

1816 1824 1^40 1X56 

1817 1815 1841 18.-7 

jMi8 183.? 1842 1858 

1819 1836 1843 1859 

1820 i.! 37 1833 i8^o 

1821 


For fouth latitude. Klevate tlje Ton th' pole to the la^- 
titude of the plcice, put a patch or make a mark cm the 
ecliptic on the point Libra, and upon ever)' twelve degrees 
preceding and following that point, till there be ten or ele- 
ven marks ; bring that mark wiiich is tiie neared to Virgo, 
to the eaftern edge of the horixnn, and fet the index to 
12 ; turn the globe wedward till the other marks fuccef- 
lively come to the horizon, and obferve the lH)urs pafled 
over by the index ; the niltTvals of time between the marks 
coining to the horixon, will be the diurnal difference of 
time between the ir.oon’a rifing, as in the foregoing 
part of the problem 


Problem LVIL 

7 Sr day and hour of an eSpfi of any one of the JutellUes cf 
Jupiter bnn^ ^ tven to find upon t be globe all thofe places, 
cohere it will be vifible* 

Rule. Find the fun’s declination fhr the given day, 
and elevate the pole to that declination ; bring the place at 
which the hour is given to thebrafs meridian, and fet the 
index of the hour cficlc to 12 ; then, if the given time be 
before noon, turn the globe wefiward as inany hours as it 
wants of noon j if after noon, turn the globe eaftward as 


• This folutisn is-on n dippoflrioii that the moon keeps conilsntly in 
the ecliptic, whicl) is I'utEciently acrurite for illutlratin; the prabi< rm 
OtlicixMfe the latitude and longitude of the moon, or her right alcenliwfl 
and declination, may be taken from the F.phunei is, at tiie time of full 
moon, and a few days preceding j;i(; fcllcwing it j ha i-iacc will then be 
Snily marked on the globe* 


many 
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iTiEny hours as it is palL noon ; Hx (he globe in tliis pofition : 
Tkbn, 

I • If Jupiier ri/e after the fun *, that is, if he be an 
evening 'ftar, draw aline along the eafem edge of the /wr/- 
u,on with a black lead pencil, this line will pais over all pla- 
ces on the earth where the fun is fetting at the given hour ; 
tui*n the globe weft ward Ofi its axis till as many degrees of 
the equator have pafifed under the brafe meridian as are 
equal to the difference between the fun’s and Jupitcr^s right 
afeenfton ; keep the globe from revolving on its axis, and 
elevate the pole as many degix*es above the horizon as arc 
equal to Jupiter’s declination, then draw another line with 
a pencil along the caftern edge of the horizon : the cclipft* 
will be viftblc to every place between thefe lines, viz. from 
the time of the fun’s fetting to the time of Jupiter’s fetting. 

2. If Jupiter rife before the fun f, that is, if he be a 
morning ftar, draw a line along the wfiern edge of the ha- 
rixon with a black lead pencil, this line will pafs over all 
places of the earth where the fun is riAng at the given hour ; 
turn the globe eaftward on its axis tiU as many degrees of 
the equator have paffed under the brafs meridian as are 
equal to the difference between theJlm’s and Jupiter’s right 
afeenAon ^ keep the globe from revolving on its axis, and 
elevate the pole as many degrees ;*!>ove the horizon as are 
equal to Jupiter’s declination, then draw another line with 
a pencil along the weftern cd^ of tlie hori/on : the eclipfe 
will be vifible to every place between tliefe lines, viz, frorp 
the time of Jupiter’s riAng to the time of the fun’s riAng. 

Ex A Mr LBS, 1. On the itth of January 1805 

was an emerhon of the Arli fatcUite of Jupiter at S^m, 3 fee. 
paft Ave o’clock in the morning, at Greenwich ; where was 
it viAble i 

Anfwtr*^ In this example the longitude of the fun exceeds the longi- 
tude of hipktr, therefore Ju^er was 4 morning Aar, his declination being 
19** X 6^ S. and bis longlcude 7 figns 2^^ 46% by the N.iutical Almanac : 
his right alcenfioa and the fun^s right afcenfion may be fuunJ by the 


* Jupiter riles after the fun, when bis longitude is greater than the 
fun’s longitude. 

f Jupiter lUcB before the fun when his longitude is left than the fun’s 
longitude. 

14 9 




«56 tKovLEMS 'nKTOR'iftfi Ev Part III. 

globe ; for» if Jupiter's longitude in the ecliptic be brought to the braf^ 
meridian, his place will (land tuidex the degree of his declination * ; and 
hts right afeenfion wiH be fbund on the equator, reckonmg from Aries. 
11)ia eclipfe wea vUible at Greenwich, tlie greater part of Europe, the 
weft of Africa, Caft Verd Iflanda, ftc. 

2 . On the x^th of Tebniaiy iSio, at 9 m. 54 lee. pall 
fevea o’clock in the eyenii^» at Greenwich, there will be 
an emerfionofthe fecond latellite of Jupiter; where will 
the eclipfe be vifible ? Jupiter’s longitude at that time be- 
ing o iigns 21' 28'; and his declination 7'lbuth. 

3. On the xyth of March i8io« at 50 m* 54 fee. paft 
fix o’clock in the evening* ati&reenwich* there will be an 
emeriion of the fecond fatelUte of Jupiter ; where will 
the eclipfe be vifible ? Jupiter’s longitude at that time be- 
ingo figiis 27 ' 18' ; and his declination 1^ I'fouth. 

4. On the 50th of Augufi 1810, at 16 min. 42 fee. 

pail one o’clock in the morning* at Greenwich* there will 
be an emeriion of the fiiit fatelUte of Jupiter ; where will 
the eclipfe he vifible ? Jupiter’s longitude at that time be- 
ing 2 fignso” 17' and his ifeclination.i 'a' fouth. , 

5. On the x^tli of Auguft 1810* there wiUbcaiiv#m4riiofi 
9f the third jfaieUite, of Jupiter at a6 mui.>53 pall three 
o’clock in the morning* at Greenwich ; where will the 
eclipfe be vifible i Jupiter’s longitude at tliat time hdag 1 
fign 29 deg. 44 min. and bis declination i deg» 2 
fouth. 

Outlie 5th of November 1810 there will be anener- 
fion of the third fi^ellite of Jupiter at 29 min. 24 fee* pidl 
eleven o’clock in tbeevetung, at Greenwich ; where will thc 
edipfe be vifible i longitude of Jupiter faemg i figa 
29 dig* fi min^ and hisdedination i deg. 7 min. fouth. 


• Tllii it on Yuppofltion Jupiter moves on the ecfipttc^ "and, as he 
deviates bn; Udds toerelnsn, tbclcliitionby this aaetbod wiU be firffoieotlv 
accurate. 1 o' know if aa ecKpib of any om of the fatellhcs of Jupiter wilj 
tte vfRbh iK vki plies ; we ire dir^lSed by the Naiitkal Abn'atiac, to 
«« find whether, Jupiter be 8^ above the hodaon sf the pkite* end tbt fim 
sa much below xf* 


PlOe 
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p^lh'i ih tfrrfjh'tal ghte in the ;;VN-suiN£f fo that it may 

nprcjcnt the naturai# rosn lOW tie earth. 

Rutr, . If you Iiave a meridian line ^ drawn upon a 
horizontal plane, fet the north and fouth points of the 
wooden horizon of the globe direflly over this line ; or, 
place the globe direAly north and fouth by the mariner's 
compafs, taking care to allow for the Variation ; brin^ the 
place in which you are fituated to the bmfs meridian, and 
flcvattfthe pole to its latitude ; then the globe trill corre- 
fpond in every refpeft with the fituation of the earth itfelf. 
The poles, meridians, pandlcl circles, tropics^ and all the 
circles on the globe, will correfpond with the fame zmagi- 
nary circles in the heavens ; and each point, kingdom, and 
ftate, will be turned towards the real one, which it repra* 
feiott. 

While the fun Ihinea on the globe, one kemlfpbert will 
%e'eiil^htciied,and the other wm be in the fliade : thus, at 
oae view, maj be feen all placet on the earth which have 
day, iiifdtiKiie which have night f. 

If a needle be placed perpendkularly in the xmddk of 
aiieoiifinlitened hemifphere ^ which muft of conrfebeupon 
thepaiulelof the fun's decimation for the given it 

wiB'ckftnofliadow, which (hews that thefoois vetticaiat 
Aat point I and if a line be thmtfh this pOmt fiom 

K le ter pok, it will be the meridian of the place where the 
I is veiticad,. and every place upon thisUnewill have noon 
at that time $ all places to the weft of thisKiie will have 
moinmg, and all places to the eaft of it aftemooiu Thofe 
iohabitants who are ficuatedon the circle which is the bonn- 


*^As a meria^ line is ufbful for fixing a horiaomd dial, and for 
plackn a gto^ 'fuodb north aiid (butb, fcc. the difihreot meihods. sf 
AhM%'ing a ibe oi thii kind will precede the wbUt ms on dUWng.^ 

f For this pait of the problem k would ht morrcotiveciiciit if the globo 
conld be properly fuppoitcd without the irine of it, beciute the ihsd^ of 
its ititfid, and chat of iu horigou, will darken feveral parts cf the iwface 
6f the globe, \^hicfa would othrr;i'Ue he enlighten wd, 
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dary between light aod {hadc> to the weft ward of the meri* 
dian \vhere the inn is vertical, will fee the fun rifiiig ; thofe 
IJR the fame circle to eaftward of this meridian will fee 
the fun fetti.ig. Thole inhabitaht*; towaids the noith of 
the circle which is the boundary bctu* 'n lijjht and (hade, 
will perceive the fun to the fouthwstr'd of them, in tlv hon* 
and thofe who are in the famecirilc towards the 
/guth, will lee t!it fan ia a fimdar munrier to the north I'f 
Ih/m. 

Jf tl*« fun (hifjc bt yoT\d the north polo at the given time, 
his declination i(» a^ many d' grtes north as ho (hiues over 
the pole ; and all j>iace« at that diftanec from the pole will 
have iftant day, till the fnu’s deelinatirm decrcufes, and 
tbof* at the fame diftanec from the fouth pole will have 
contlant night. 

If the ftin do not fhine lb far the north pole at the 
given time, his declination is as many degrees fouth as the 
eulighteni.d part is dlflant from the pole ; and all places 
within the (hade, near the pole will liavo ebudant night, 
till the fua*fi«di.clinc]liofi ii)^ieafcs,uoithvtardi«» While ti^e 
globe re^ns Heady in the portion it was firft placed, when 
the fun is weftward of the meridian, you may pensive op 
the eaft fide of it, in what manner^ the fun gmdu^ly de- 
parts from place ta , place as the night approaches t ^db 
when the fun if eeilward of the meridian, you may perceive 
on the weftern fide of it, in what manner the fun idvttnCea 
from place to place as tlie day aj]proacbes« 

PstOgLEM LI3C.. 

Tic latitude of a place being glvei^ to find the hour of the doj 
at any time miien the sun shines* 

RuLft'f/ Iflace the north and {buth poiau of the hori- 
jEou pf tlie globe directly north and fouth upon a horizontal 
plane, by a meridian line, or by a maker’s compafs, ah 
lowii^oir the Yartation, and elevate the pole to tbe latitude 
oftluK^ place } theii| if the place be iii north latitude, and 
tbe fun’s declination be north, the fun will fliinc over tlie 
Dotth pole i and if a long pin be fixed per|>endicularly iu 

the 
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the diiefllon of the axis of the earthf and in the ccnti^ of 
the hoA' circle, its (liadow will fall upon the hear of the 
day, the figure XI I of the hour circle being fir (I fet to the 
brus meridian. If the place be m north latitude, and th^ 
fui/s declination be above ten degrees fouth^ the fun will 
not fliine upon the hour circle at the north pole. 

Rule 2. Place tlic globe due north and fouth upon a 
horizontal plane, as before, and elevate the pole to the la- 
titude of tlic place; find the fun*s pbcc in the ecliptic, biing 
it to the brafs meridian, and fet the index of the hour circle 
to Xll ; (lick a needle perpendicularly in the fun’s place in 
the ecliptic, and turn the globe on its axis til) the needle 
cafta no fhadow ; fix the globe in this pofltion, and the in- 
dex wiUfhew the hour before 12 ia the mofiimg, or after 
12 iu the afternoon. 

Rule 3. Divide the equator into 24 equal parts from 
the point Aries, on which place the number V I ; and pe- 
ered weftward VII, viii, IX, X, XI, XII, I, II, in, 
iV, y, VI, which will fall upon the point Libra, VII, 
V1J[I, IX, X, XI, XII, I, H, III, IV, V elevate 
the pole to the latitude, place the globe due north and 
fouth, upon a horizontal plane, by a meridian line, or a 
good mariner’s compafs, allowing for the variation, aud 
bring the point Aries to the braU meridian ; then obferve 
tbi circle which is the boundary between light and dark- 
neft t^fftward of the brafs merklmn, and* it will iiiterfe£I the 
eqditor in the ^ven hour in the morning ; but, if the C&ne 
circle be enft ward of the- brafs meridian, ft will iuterfeA the 
equator in the given hour in the afternoon. 

Or, Having placed tb* globe upon a true horizontal 
plane, fet it due north and fouth a meridian line ; ele- 
vate the pole to the latitude, and bung tlie point Aries to 
the brafs meridian, as before ; then tie a fmnll firing, with 
round the elevated ft retch its other end be- 
yond the, globe, aud move it fo that the ihadow of the ftriog 


On* antalgic O’Clf h tb»’t <r\idedt, liy viiichdie 
|»(0^>lcn3 ma;j^ be ibWed. 


mar 
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iiidy fall apoo the 4t*preflcd axis ; at that inflarit iti fliado^e 
Mpe>a the equator will give the hour *. 

Probrfm lx. 

Co find the /utCi mliiiudc^ by placing the gbAe lathe stfN 

SHINE. 

Rulf. Place the globe upon a truly hon/ontal plane. 
Hick a needle pcrpeudicolarly over khe north pole , in the 
direAion of the axis of the globe^ and turn the jpeje towards 
the fun, fo that the fiiadow of the needle may mil upon tlie 
middle of the brafs meridian ; then elevate or deprefs the 
till the needle cafts no ihadow ; for then it will point 
dire Aly to the fun ; the elevation of the pole above the ho* 
riaon will be die fun^s altitude. 


PaoiLEM UtL 

7# ^nd the/an^i deeRnaihn bh piaee in ihi nl^k% §nd hie 
animuthi hy fkelng the glebe in the %vMnin%% 

Ruli« Place the globe upon a tndy hertKmlid planet 
maBorthandfouthduredioii by asnemban Saot aMck- 
vate the pok to the latitude of the place ; then, if the fun 
Aiae beyond the north pok, bia declinatiw isae de* 

E ses north as he Ihinea over the pple > if ^ foa do not 
ae fo far as the north pok, his denUoation k as nkany de* 
glees fouth as the enlightened part is diftaat from the pok. 
The fun^a declination being foundt 'Us place may be dker» 
mioed by Prob. XX. 


* Tbeksroernpft remember ihat the drse flwwn thpij^blfm b 
fdlar time, M diewnty afun-djal ; md* therefctfe, to agns Wxut ii good 
dontbr wjtdi, h maft be currc^led a table of e^uatiofi of tUnsi :^s 
a table of this kind among the fucceeding pmblcms. 

t It \^ould be an improvement on the globes \v ere our infirument«ina« 
km toduUa vciy limdl hie la ihs buu mct ii hip mar the north 

^ck 
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StiA 1 needle in the parallel of the fun’ii derihiation for 
the given day and tur»the globe on its axistiB theneedle 
cdfls na fliadow ; fix the globe in this poAtion* and fcrevr 
the quadrant of altitude over the latitude ; bring thegradu* 
atcd edge of the quadrant to coincide with the fun’s place, 
or the point wheve the needle isfixedi and the degree on the 
horizon will fiieir the azimuth* 

PaPBLEM LXII. 

Tc drafts n metiJian Bne upon a ktriuontai planet io de^ 

termine the four earwnai poinii of thehorluon^ 

Ruts X. Deficribe feveral circles from the centre of the 
horizontal platie» iu which centre fix a ftrai^it wire per^ 
pcndicular to the plane ; mark in thjS morning where the 
end of the fiiadow touches one of the circles ; in the after* 
noon mark where the end of the Aiadow touches the fame 
circle ; divide the arch of the|circle contained between 
thefe two points into tB'O equal parts} a line drawn from 
the point of divifion to the centre of the plane will be a 
true meridiaot or north and ibuth line ; and, if this line be 
bifioAed by a perpendicular, that perpendicular \vtll be an 
eaft and weft kne z thus you wmU have the four cardinal 
points ; but, to be very exad, the plane miSft bo truly bo* 
rinoaUd, the ware luuft be exafUy pcj^endicohu to live 
plane, and the extremity of its (hadow muft be comparod* 
not only upoa one of toe circles, as above deferibedy but 
upon fovend of thou* 

Kailo 2. Fax a ftrong ftiaight wire flias]i minted at the 
top ID the centre of your plane, nearly petpenmcttlar ; place 
one end of aproodeu ruler on the top of the wire, and with 
a fiuup irou pin, or wire, m the other end of the 

ruler, mtm of w emle : take off the Ki|rr.Aoiit 

thetop of the wire, and obferve, nt two differeot th ol wo f 


• QaAdim* ^i^WMithe towidfuetit dni dt A Mxq 4fgalk 
lines, Tp that the pirallcl of the TunV AccIuMitiaa is iud m 

uHiie erhef gibhes, ohTcrve the ilecInuGion pa |hchr^s ftuk 

a iifcm pcrpendicuhfly in the globe undci ih^t drgrte. 

the 
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the dayi when the lhadow of the top of the wire falls mpo^ 
the arch of the circle defcribed by tne ruler ; mark tlie two 
points, and divide the arch between them into two equal 
parts, and draw a line from the point of bife6Uon to the 
centre of your plane s this will be a meridian line. 

Rule 3. Hang up a plumb-line in the fun-fhitic, fo that 
it may caft a fhadow, of a confiderable length, upon the 
horizontal pl?ne, on which you intend to draw your meri- 
dian line ; draw a line along this fhadow upon ^he plane, 
while at the fame time a, perfon takes the altitude of the 
fun coire^ly with a quadrani:, or fome other inftrument an- 
fwering the fame purpofe; then, by knowing the latitude 
of the place, the day of the month, and of courfc the fun’s 
declination, together with his altitude ; find the azimuth, 
from the north, by fpherical trigonometry, and fubtraft it 
from 180' ; make an angle, at any point of the Kiie which 
was drawn, upon your phuie, equal tp the number of de- 
grees in the remainder, and that will point out tin* true 
meridian* See Keitii's Spherical Trigonoinetr)', page 274. 


PnoiLEM LXllI* 

To mahe a horizontal dial for any latitude. 

Detinitions and Observations.— Dialling, or the 
art of conftrudiring dials, is founded entirely on aitronomy ; 
and, as the art of meafuring time is of the greateft impor- 
tance, fo the art of dialling was formerly held in the higheft 
cftoeni, and the lUidy of it was cultivated bv all periuns 
who Jiiad any pretentions to fcience. Since the mvention 
of cl^ks and watches, dialling has not beeii fo much at- 
tcnd^:tO|.thougliit wnll never be entirely neglected ; for, 
as cWks Bini watdies are liable to ftop and K^Wrong; that 
uaerrM inftrmieBt, a. true fun-dial, is 

to legiiuaif * ^ 

Suppofe tie globe of the earths to be tranfparent (as re- 
prefented by Fig. 4. in Phfe II), w’ith the hour circles, or 
tneriduiiii^ Ac..£awn 4 t, and ^hat it revblvi^^ rotmd a 
real a?iit NS, which is <^aque and cafts a (hadow ; it k 
evident that, Whenever ^ tne, edge of th^r plane of any hour 
' ^ - circle 
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rirclc or .meridian .points exatlty to thclimj the ihadowof 
tiic axis will fall upon the oppoute hour cii'cle or meridian* 
Now, if we imagine any onaque plane to pafs through the 
CL-iitre of this tranfparcnt globe, the fhadow of half the axis 
N E will always fall upon one fide or other of this inter- 
I’fftiug plane. 

l^et . I'CD reprefent the plane of the honzon of Lon- 
don, UN the elevation of the pole or latitude of the place ; 
fo long as the fun is alxive the horizon, tlie fhadow of the 
iij)per half NE of the axis will fall fomcwherc upon the up- 
per fide of the plane BCD. When the edge of the plane 
of any liour circle, as F, G» H, I, .K, L, M, O, points 
dire&ly to the fun, the fhadow of the axis, wliich axis is 
coincident with tliis plane, marks tlic refpedUve hour line 
upon the plane dfthc horizon BCD ; the hour line upon 
the horizontal plane is, therefore, a line drawn from the 
centre of it, to that point wliere this plane iaterfeiSls the 
meridian oupolite to that on which the fun fhines. Thus, 
ulien the uin is upon F, the rntn idian of London, the fha- 
dow of NE the axis will fall upon E, Xll. By the fame 
method, the rell of the hour Ibies are found, by drawing, 
for every liour a line from the centre of the horizontal plane 
to that meridian, wiiich is diametrically oppollte to the me- 
ridiaii pointing exactly to the fun. If, when the hour cir- 
f les'are thus found, all the hnes be taken aw^ay except the 
/cmi-axis NE» what remains will be a horizontal dial for 
the given place. From what has been premifed, the fol-. 
lowing obfervations naturally arife : <* 

1 . The gnomon of every lun-dial inuil always be parallel 
to the am of the earth, and muft point direftly to me two 
poles of the woridt 

jL As the whole earth is but a point when compared with 
the heavens, thesefore, if a imall fphrre of glafs be placed i 
on any pait the taitb’s £ur£iu:e, io that tts axis be paisih * 
lei to the axis of the earth, and the fphere have fiichlhtMi 
.upon it, and fuch a plane within it as above defer^d $ it 
will fhew the hour of the day as truly as if it w^ere^plaoed 
:at the centxe of the earth, and the fao^ of the earA eiere 
.as tranfparent as glafs* * ; 
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3. In eteiy horizontal dial the angle which the ftyle, or 
gnomon^ makes with the horizontal plane, mud always he 
equal to the latitude of the place for which the dial is 
made. 

Rulr for ferformino th* Problem.— Elevate 
the pole fo many degrees above the horizon as are equal to 
the latitude of the place ; bring the point Aries to the brafs 
meridian ; then, as globes in general* have meridians drawn 
through every 15 c&grees oflongitude, eaftward and weft- 
vrard from the point Aries, obterre where thefe meridians 
iuter(e£l the horizon, and note the number of degrees be* 
tween each of them ; the arches between the refpeAive 
hours will be equal to thefe degrees. The dial muft be 
numbered X«II at the brafs meri&n, thence XI, X, IX, 
VlII, Vn, VI, V, IV; &c. tow^ai^ the weft, for morn- 


ing hours j and 1 , II, III, IV, V, VI, VIT, VIII, &c. 
for evening hours. No more hour-lines need be drawn 
than what will anfwer to the flings continuance above the 
horizon on the longeft day at the given place. The ftyle 
or gnomon of the dial muft be fixed in the centre of the 
dial-plate, and make an angle therewith equal to the lati- 
tude of the place. The face of the dial may be of any 
(hajM, as round, elliptical, fquare, oblo^, &c. &c. 

Ex4mpl£. To make a horizontal diad for the latitude 
of London, 

Having elevated the pole 51 1 deg. above the horizon, and brought the 
point Aries to the brafs meridian, you will find the meridians on the caft- 
cm part of the horizon, reckoning from as, to be 50^ Z4*' ao', 3 ', 
35',7X"6^ and for the hours 1 , lU HI, IV, V, and VI; or, 
if sou count fim the eifr towards the frHtth, they will be 

5l®57^ 65^40', and 78® lO', for the hours VI, V, IV, 111 , 
II, I, reckmiiiig from VI o'clock backward to XII. There is no occa- 
ftoh to gfre the dSftsnccs farther chan VI,becaufr thedfftanres from Xtl 
to 'VI tlwfbrbnqon ere exaelly the fame as from’Xff to VI in the af- 

sshMsw-dii^ continued through the centre of the d^are the 
h^qntho«|g|c4iie parudiercif. 

The IbllowmgtTable, cnkulated by fphericad trigonometry, contains 
HOC only the hour wches, but the bdves and quarters from XII tu VI. 


** On Cary's glubes,the meridians are drawn throtlgb every ifn defirees. 
anAerxion which anfwcrs no ufefril pvrpofc whatever, and is in ntsr.y 
cafes vciy inconvenient, lo fi>lve this problem, by liis e1obi\, mvrAdian* 
‘fntift be drawn through twtiy JiftecH degrees wuli a pcaci. 
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Hours. 

Hour Angles. 

Hour Arches. 

' 

1 

Hour Angles. 

1 

XII 

©• </ 

o‘ 

O' 

3 i 

48* 45 * 

41 * 

45' 


3 45 

2 

56 

3 i 

%* 30 

4 J 

34 

lai 

7 30 

5 

5 » 

,34 

j6 15 

49 

3 Q 


15 

8 

51 

IV 

60 0 

53 

35 

I 

15 0 

II 

50 

44 

<3 AS 

57 

47 


18 AS 

14 

5 A 

4 

67 30 

62 

6 

d 

2A 30 

17 

57 

4 

71 15 

66 

33 


26 15 

21 

6 

V 

75 0 

7 t 

6 

11 

30 0 


20 

si 

78 4 J 


45 

ai 

33 45 

27 

3 « 

s* 

30 

80 

*5 


37 30 

31 

0 


86 15 

85 

13 


41 IS 

34 

28 

VI 

90 • 

90 

0 

m 

45 0 

38 

3 






The calculation of the hour arches by fphcrical trigonometry is cx* 
ticmely cafy ; for while the globe rtmaimin ^hejiofition abm'e deCcrihed, 
It will he feen that a n^ht angled iplieiicil ti lanrle is forn>ed, tlie perpen^/ 
(iicuLir of which is the laticidc) its bale (he hour arch, and KS vertical 
angle the hour angle. Flencc, 

As, radius, fine of 90^ 

1$ to fine of the latitude ; 

So IS the tangent of the hoai an^le. 

To the tangent ot the hour arch on the horiton. 

It may be obfervid here, that if a honrontal diil, which fhews the hotir 
bv the top of the perpendicular gnoupwi, be m,»di lf>i . id.ice in the torrid 
' 40 iie, whene(%crrhc fun*! dccl nation exmds the liritude of the place, 
:he fliadovi of thegnomcn will go ba k cvn e in the day, oiirft infihe foie* 
noon and once 111 the .iftcMnotai, and the grt it^i the difierenre herween 
rht 1 .U tilde and the fun’s d^'chinrion is, thf luih i ihelhadow will go 
back. In f* e ofith chapter of Uniali, Ht et-n! i. promHed that his lifb 
ihtH beprolr^nged k.v^Veara, and, aa u bttu oi this, he is ahb prorntfed 
that the ibadow of elM fun-^uJ of Mm go Iwk ten decrees, * 1141 * 
A as truly, . it was then coiifideicd, a tniraMi for ai y^pv/oiem^ tho 
plate w he. e »hedijlof Ahaz was en Cted, was «.iit of the torrid zone, 
'h Owld Rot|iodiliJy go batk fnUn any n ttaral caufe. 
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PartllL 


' PitOBLEM LXIV. 

7(9 9 nah a vertical dialj facing the foutb^ in north latitude. 

Definitions and Observatjons,— >The horizontal 
dial, as de£cribed in the.pFccrding prpbkm* jxras. fupM&d 
to ht placed upon a pedeftal» and an the fun always ihines 
won fuch a dial when he is above the horizoUf provided no 
opjeiEb intervene, it is the moil complete of all kinds of 
dnU. The next in utility is the vejtical dial facing the 
f^uth in north latitudes ; that is, a dial Handing againft the 
wall of a building which exadly faces the fouth. 

Suppofe the globe to be tranfparcnt, as in the foregoing 
problim (fee Figure 5, Plate II), with the hour circles or 
meridians F> G, H, I, K, L, M> O, Sue. drawn upon 
it{; ADCB an opaque vertical plane perpendicular to the 
horizon, and pafliiVg through the centre of the globe. While 
the globe revolves round its axis NS, it is evident that, if 
the femi-axis ES be opaque and call a lhadow, this fhadow 
will alwa^^a fall upon the plane ABC, and mark out the 
houraatiii the preceding problem. By comparing Fig. 5. 
with Fig. 4, ill Plate II, it will appear that the plane fur- 
face of every dial whatever, is parallel to the .horizoa of 
fomc place or other upon the earth, and that the elevation 
of the ftyle or gnomon above the diaPs furface, when it 
faces the fduth, is always equal to the latitude of the place 
wliofc horizon is parallel to that furfiice. Thus it appears 
that SP, which is the co-latitude of London, is the latitude 
of the place whofe horizon is reprefented by the plane 
ADCB : for, let the fouth pole of the globe be elevated 
384 degrees above the louthefn point of the horizon, and 
the point Aries be brought to the brafs meridian ; then, if 
the , globe be placed upon a talde, fo as tarett on the fouth 
point of the: wooden horizon, it will have exa£Uy the ap- 
pearaucv of Fig. 5* Pk^c IL ; the wooden horizon willre- 
prefent the ppBque plane ADCB, the fouth point will be at 
B, and the north point at D under London, the eaft point 
at C, and the weft pomt at A. Hence we have the fol- 



I. GLOBCf. t6f 

Rule fok performing the proble^. — If the 
place be in north latitude, elevate the fouth pole to the 
coxi^lemcnt of that latitude ; brings the point Aries to the 
brafs meridian ; theOf fuppoiing meriaians to be drawh 
through every iy°of longitudei eaftirard and weftwardfrom 
the point Aries (as is goneraUy the cafe) ; obferve whePe 
thefe meridians interfed the horizon, and note the number 
of degim between each of themf ; the arches between the 
refpeaive hours will be equal to thefe degrees. The did 
mult be numbered XII at the brafs meri£an, thence XI» 
X, IX, VIII, VII, VI, towards the weft, fot mOmin^ 
hours ; and I, II, III, IV, V, VI, towards theeaft", for 
evening hours. As the fun cannot fliine longer upon fuch a 
dial asthis than from VI in the morning to Vl In the even- 
ing, the hourdines need not be extendea any farther. 

Example. To make a vertical dial for the latitude of 
Lor. Ion. ‘ 

Elevate the foiith pole jBf de|reea above the hoiizon, attd bring the 
point Aries to the braib meridian ; then the meridians will interfe^l* the 
horison, reckoning from the fouth towards the vaft, in tlie following dc» 
grew; 9** a8', lo'* 4S\ .11'^ 54% 47*' 9'» 66“ 4»'» and 90^', for the 
hours 1 , II, 111 , IV, V, VI ; or, if you cownt from the t n^l towards the 
fomh, they sail be o^, 23® 18', 42® 51' 58“ 6', 70^ ij', 80® 32', for the 
hours VI, V, IV, 111 , 11 , I. The diilances from XI! to VI in the 
forenoon sre e^^adly the fame os the diltanccs from Xll to VI m the 
afternoon* The following table, calculated by fphericol ' trigonometry, 
Loiitaios not only the hour arches, but the halves and quvrteft from Xll 
to VL 
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TROBLEMS PIRFORMBD SY 


Pur/ III. 


Hours. 

Hour Angles. 

Hour Arches 

Hours. 

•t 

t 

0 

X 

Hour Arches. 

xn 

0® o' 

0“ 

0' 

3i 

48* AS 

35“ »»' 

lai 

3 AS 

% 

10 

34 

54 30 

39 3 

i4 

7 30 

4 

41 


IS 

4» 58 

lai 

11 15 

7 

3 

IV 

60 0 

47 9 

I 

15 0 

9 

18 

4i 

^3 AS 

5* 36 

if 

18 AS 

XI 

5^ 

4 

67 30 

56 10 

li 

aa 30 

14 

47 

Ai 

7* *5 ! 

6x 13 


»6 ts 

17 

4 

V 

75 0 

66 43 

T1 

30 0 

*9 

45 

si 

78 45 

74 »7 


33 45 

12 

35 

si 

81 30 

78 3 

4 

37 30 

45 

34 

Si 

86 15 

84 0 


41 15 

18 

38 

VI 

90 0 > 

90 0 

HI 

45 0 1 

31 

54 


' 



The nbovc table is calculated exadly in the fame manner ai that in the 
freceding problem, uiiijg the complement of the latitude inftcad of the 
latitude. 

1 he Undent will recoiled that the time ihewn by a fun-dial is not the 
time of the day, as Oiewn by a watch or clock (f«c3Ue6nlti«iis 55, 
56, snd 57, page 13). A good clock meaiures time equally; bnt a fun- 
dial (though iHed for regulating clocks and watches) meafures time une- 
qually. The following table will thew to the neared minute how much 
a clock Ihould be faitcr or flower than a fun-dial; fuch a table thoukl be 
jut upon every horizontal fuo-diaL 
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S| 

as. 

Minutes. 

Days and 
Months. 

Minutes. 

Days and 
Mouths. 

Minutes. 

Days and 
Months. 

u 

V 

1 

s 

fan. 1 

4 

April 1 

40 

Au9^ 9 


a? 

16 

3 

5 

4 


IS 

4 o 

Nov. 15 

*5 

5 

6 

7 


ao 


ao 

14 

7 

7 

zt 

I s 

24 


44 

UG 

9 

8 

15 

0 ^ 

a« 


V 



»9 

♦ 


31 

0* 

30 


15 

10 1 

19 

Z ; 

* 


Dec. a 


. 18 


a 4 

»G 

Sept. 3 

X 

5 

9!5 

2Z 


30 


6 

a 

7 



*3" 

May 13 

4 f 

9 

3o 

9 

7 s 

31 


ap 

3f 

xa 

48* 

XI 

6? 

Feb. to 

158 

June 1 

af^ 

15 


• 13 

5 h 

ax 


to 

z* 

z8 

6? 

16 

C 

5 ' 


* 3 tJ 

*J 

0 

ax 

7 3 

. 4# iH 

a-" 


tag; 

* 

— — 

a 4 

® S' 

ao 

a 

8 

It* 1 

ao 


»7 

9 8 

aa 

z 

1% 

to 

' *5 

«sf 

30 

10 1 

*4 

0 

15 

9 

*9 

sR’ 

jOd. 3 

iz ^ 

« 


*9 

§ 

July 5 


6 

11 g 

a6 

n2 

aa 

7 

ZI 


xo 


aS 

^Ji| 


6 

>a8 

6^ 

14 


30 

KB 

al 

5 



»9 

1^5 

1 

|h 


Bialymay be conftiru£bed on all kinds of pliines> whether hcuironMl or 
iticlioed t a vertical dial may be made to face the ftmth, or any pomt, of 
the compafs ; but the two dials already defrribed are the roQ(l uieful, b e 
acquire a complete knowledge of dialling, the gnohionicar projei^ion ot 
the fphere, and the principles of fjiherical trigonometry, muft be thoroughly 
underilood ; tliefe preliminary branches may be learned from Emerfon'a 
Goomonical Projection, and Keith’s Trigonometry. 'The writers oAt 
dialling are very numerous ; the lad and belt ireatiie on the fubjed iR 
Sraerlt>n*Si 


^9 
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Part lir. 


Chapter II. 

ProhJems perf omul the Cel^iaLGhhi* 

Problem LXV. 

To Jind the right afcstifion and declination oj the fun or a Jlar, 

Rule. BriDg tf.c fun or ftar to that part of the brafs 
meridian which is numbered from tlie equator towards tlie 
poles ; tiiC degree^ on the biafs meridian is tlie declination, 
and the number of degrees on the e^uinoftial, between the 
brafs meridian and the point Aries, is the right afeenfion. 

Ok, Place both the poles of the globe in the horizon, 
bWi.g the fun or ftar to the eaftern part of the horizon ; 
tin'll tr.e numbjjr of degrees which the fun or ftar is ncsth- 
ward or fouthvvardof the eaft, will be the dcclihatlon nprth 
or foutli ; and the degrees on the equinoAial, from Aries 
to the horizon, will be the right afcenlion, 

EiAMPtKS. 1. Required the right afeenfion and de^ 
dihation of a DuHe, in the back of the Great Sear i 
jinf%oer, R^ht ATceoHan z5z^ 49 \ dedinneion 48^ N. 

Z* Required the afcenlloAs and declinations of |he 

^IjQvvmg ftars ? t 

y, Algcuibf in Pegafus. J?/W, in Oriop* ' . » "" 

la, S^tder^ in Calliopcia* ‘ r, BSlatrix^ in vrion. ^ 
ip, Mu a^h^ in Ai\4>'Qmeda« in Orion/ ^ 

A^erncrt in £rtdaBU8. a, Canopiusfilx ArgO KaYts«,. 
fh dl^kar» JaCetus* ' «, i*rprJroit,in thellijttle|^0^. 
fif Jlholt in Perfeiis. y, in the Criiw, 

•, A&eiarauf in Taurus. Arffurus, in Bootes. 

f», Cipetla^ in Amiga. It, Vendemiattrixt W^vego. 


* The ri^hc SfcSnfions'and declinations of ihe moon and the planets, 
muft be found from an epbemeris ; hccaulcrhy their contimid change of 
lituation, tlu7 cannot be placed on the celc^ globe, as the ftars are 
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pROliLCM LXVI. 

To Jind the latitude and longitude of a Jlar *. 

Kule. Place the upper end of the quadrant ot altitude 
on thenoithor 1‘outh pole of the ecliptic, according as itie 
ILiris oiitlij north oi foulh lidv^ of t]i^‘ ecliptic, and niovi* 
the other cud till the lUr comes to the graduated edge of 
the quadrant ; the number of degrees between the ecliptic 
and the Itari^ the latitude ; and the number of degrees on 
the ccliptjc, reckoned call vard fiom the point Aricb to tho 
quadtant, is the longitude. 

Ok, Elevate the 1101 til or fouLli pole 66^ above the ho- 
11701 ), according as the given liaris on the noi'th or (buth 
lide of the eclmtic ; bring the pole of the ecliptic to that 
part of the brals meridian which is numbered from the equi« 
DoAial towards the pole $ then the cquinoclial will coincide 
with the horizon ; Icrew the qiudrant of altitude upon the 
^brafa meridian over the pole of the ecliptic ; keep the globe 
from revolving on its axist and move the quadrant tiU ittf 
graduated edge cornea over the given liar : tlie degree on 
quadrant cat by the ftar is its latitude ; and the fign 
and degree on the ecliptic cut b; the quadrant Ihew its 
longitude. 

ExaMVles. !• Required the hi^de and longitude of 
« AUkharmn iq Taurus ? * 

Eat'tiMle 5" 28' S. longittule % figu d? 53"^ ; or 6 * ki 

Gemini. 

2, Re^qui^d the latitudes and longkudta of tjhci following 
ftars? ’** 

1 », Fegaf inlahn. 

ft in P^afus, j 7, Rafiahen^ in Draco. 

«i RomdhauU Mx the S. Fifh. Antmrcsi in the Scorpion. 
HI Cygnus. |l ArBurust in Bootes. 

Abaitg in the Eagle. ft Pollux^ in Gemini, 
ft Alhiwf in Cygnus. ft Rigel, in Orion. 


* The Idtitudsf and longitudes the planets muA be fuund fvoxfkjn 
epheniciis. ^ 


A lABlE 
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A 'I'ABt.h ot the rigkiL Alcenfionsi Dccl n.tiiom, l.iiurudc:?, 
tudesofrome of the principal i-ixed- Stars, fur the year 

Namet of the Stars. ptt.Alccn DecliiMr ||li 3 t'itudt:. j 

Par/ in, 

;u:(l 

c-o*. 

Loiijiituile, 



Kegiilus, Lion's Heart 

149" 

a.t' 

12 ^ 

56' 

N.| 

o'" 

28' N. 

4 ' 

26''?; i 

^ Linn'sTaU, 

174 

44 


44 

N.: 

Z 2 

17 

N. 

5 

184^' 

AWebaran in Taurus, 

66 

6 

lO 

5 

N.j 

5 

29 

s. 

z 

6 5,' 

Rigel, Orion's Fort, 

7 rt 

9 

8 

27 

^“■1 

ii 

8 

s. 

z 

13 5 ^ 

Capelia, Auriga's Shoulder, 

7S 

29 

45 

47 

N.|' 

2 Z 

^2 

N, 

z 

18 5 ^' 

B# r elgue'e,Orif n’sShcliidcr, 

86 

5 

7 

21 

N. 

(6 

5 

sJ 

z 

25 7 ? 

^Sirius, Canis M.-jor. 

99 

5 

16 

z6 

h.i 

■ 9 

35 

h.> 

3 

11 1.; 

iCallor, . _ - 

ii.i 

2? 


19 

N., 

1 ^ 

4 

N 

3 

1/ 

ipiortcn, C.inis Miju>r, - 

111 


S 

44 

N.: 

15 

3 « 


3 

12 s( 

Spci ^ tfgi.r.s, 

198 

4 C 

10 

7 

S '• 

2 


S. 

6 

zo s: 

^Vngi.ii;.. - ~ 


4 

2 

f 4 

N 

0 

4a 

N. 

5 

24 1^' 

ArriuiU':, - 

ITI 

•iS 

20 

35 

N. 



N. 

.6 

21 21 

« Ahlun.i, NA'iown, - 

hi 

31 

*7 

25 

N.. 

44 

21 

N. 

7 

9 a- 

lAr-tavc*, .Stcrpiou''- lle.ut, 

144 



^8 

S. 

4 

33 

s. 

8 

6 52 

iVega. in the ll.up, 

7'77 



3 <i 

N.j 

161 

44 

N. 

9 

12 24 

[Altair, in the I'.agle, 

2 95 

*5 

* 

21 

N*. 


18 

N 

9 

28 51 

fi Aqi!»b\ 

196 

22 j 


55 

N. 

i6 

43 

N. 

9 

29 53 

rFoma!haut,S. I'irti, - - I 

Ul 


30 

41 

S.l 


6 

S. 

1“ 

057 

i>rneh. the Swan, 

\o8 

.19 

!44 

34 

N.: 

-'9 

55 

N. 


2 29 

y • • • 

0 

39 

|I 4 

4 

N 

i' 

35 

K 

1 0 

6 i( 

« 1 of Ar.droJord.i, 

^^9 



59 

Ni 

"o* 

4 t 

K.i 

1 0 

11 2C 


Problem LXVIL 

Thf^l^hlafcenjlnn and dtchnatlcn of a far, the moon, a plant i, 
or of a umet, given, to fnd its place on the gtoie* 

Ri;x.e« Bnngthe given degrees of right afeenfion to thit 
1^!?, of the brals meridian which is numbered from the e^ui* 
nbftia! towards the poles j . then;, under thejgiven detjuia- 
tion on the brafs niendian, you will find the Iwi or place of 
th^lanet. 

STxAMrLSS. I. What liar hag 261® 29* of right afeen- 
fion, and 52" 27' north declination ? 

Anptofr. a in Draco. 


• The o'* ihs rt.irs or. ovr nov. df hr* mc f'rz • 

y«ur i8cjc'. 




Chap. II. TUB CELESTIAL GLOBE'. 

2. On the iotli of Augu!l 1805, the moon^iripht afccn- 
fiou was 01^ 3S and her decimation 24*^48' ; find her place 
on the globe at tliat time ? 

jiMftJur, In the milky way, a little above the left foot of Caftor. 

3. What flars have the following right afcenfioni and 


declinations ? 
Right Afeeufiottt. 

r 19' 

Declinations. | 

Right Afeei 

Declinations. 

55-26' N. 

83" 6 

34“ S. 

11 11 

59 38 N. 

86 13 

44 55 N. 

25 54 

19 50 N. 

99 S 

16 26 S. 

46 32 

9 34 

no 27 

32 19 N. 

53 54 

23 29 N. 

113 16 

28 30 N. 

76 14 

8 27 S. 

129 2 

8 N. 

4. On the firft of December 1810, the mboii’s right af- 

cenfion will be 3; 

20'’ 28\ and her declinalioiA 

11^ 45^ S.; find 

her place on the 

globe ? 



5. On the firit of May 1805, the declination ofVenua 
was 41' N.» and her rigid alceniiou 31^ 30'; find her 
place 00 the globe i 

6. On the 19th of January i8oy the declination of Ju- 
piter was 19 >29' fouthy and his right afeenfion 238' ^ find 
his place on the globe ? 

PaoBLEM LXVIIL 

Thi latitude and longitude of themoonj ajlar^ or a planet gU 
ven^ to find Its place on the globe* * 

Rule. Place the diviiion of the' quadrant of altitude 
marked o, on the given longitude in the ecliptic, and the 
upper end on the pole of the ecliptic ; then under tlic given 
latitude, on^tlie graduated edge of the quadrant, you will 
&id the ftar, or place of the moon, or planet. 

Exaubleb, I. What ftar Las o figns 6’ 16' o£. longi- 
tude, and 12^ 36' N. latitude ? 

Aofvtn. y in pe^al'us. 

2. On the yth oi June 1810 at miduight, the inonn^s 
longitude wiji be 3s. 26 32', and her latitude 4" 55' S* ; find 
her place on ihc globe ? 

^ 3. What 
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'^naat ibn have tUe /ollojimf latitudes and longi> 

liaitftixlM. Longitudes Ladtude*. l,iOiigitvdei. 

IB’SJS. 39 ’ 33 'S. 

5 29 N. 2 6 5^3 ' fo 4 N. 3 *7 

31 ^ S. 2 13 56*1 o 27 N. 4 26 57 

22 52 N. 2 15 57 I 44 20 N. 7 9 

16 3 S. 2 2C 511.21 6 So Ti 056 

4* On the firft of June iBio, the longitudes and latitudes 
of Uie planets will be as follow ; required their places on 
the globe ? 

Longitudes. X^atitudes. Longitudes, Latitude 

I 3" »" 59' o'’58'N.j|lX 15' 47' 

1 3 o ?7 15 Nf 8 12 20 I 47 N. 

® a 14 7 o 7 II 6 024N. 

PftOBL£M LXIX« 

The dity and hour, mnd the latitude of a place beinyi givea^ to 
find ^hai fian are rijing^ fittings culminating^ 

Hu BE 4 Elevate the pole to the latitude of the place 
find the fun’s place in the ecliptic, bring it to the brafs me- 
ridian, and fet the index of the hour circle to 12 ; then, if 
the time be before noon, turn the globe eailward on its 
axis till the index has pafTed over as many hours as the 
time wants of noon ; but, if the time he pall noon, turn tlie 
globe weilv\ard till the index has pafTod over as many hours 
as tlie time is pail joon : then all tlie ftars on the caftem 
{em*circ\e of the hoir/un will be rifing, thofe on the weit- 
em jemi-circle will be fetting, thofe under the hrsSs meri* 
diau above the horizon will be culminating, thofe above ihe 
horixim vidll be viiible at the given time and place# ibofe 
below will be invi/ible. If the globe be turned on its axis 
i^m eaft to weft, thofe ftars which do not go below the lio- 
■moB never fet at the given place ; and thofe which do not 
^come above the horizon never rife ; or, if tlie given lati- 
tude 
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tude be fubtradled from 90 degrees, and circles be defcribed 
on the globe, parallel to the equihodial, at a dillancc from 
it equal to the degrees in the remainder, they will be the cir« 
cks of perpej^ apparition and occohation* 

Examples. 1. On tlje 9th of February, when it is nine 
o’clock in the evening at London, what ilars are rlfing, 
what ftarsare fetting, and what flara arc on the meridian ! 

Afffwir, Alplucca tti the uorthern CroSrn is ; Arduriif ind Mi- 
lach la Bootes juft above the horizen ; Sirius on the meridian ; Proc^on 
and Caftor and Pollux a lirdo eaft of (he mi^rklbn. conftSlla loiia 
Orion, Taunts, and Anrrgay a little weft of ih? meridian; Markab ; m 
PtgafiiS, jurt below the well^rn edge ii‘ tl»e horiznn, i^c. 

2. Oflthe 20th of JaiiLi ) y, at two o’clock in the morn- 

ing at London, what ftars air riCng, wliiil ftai‘8 are fetting, 
and w'hat are oa the meridian i , 

Af/ufr. ill hyr.i, the head of the Serpent, S|):caVirgJiib, fee. 

are ; the head of ii>c g''C.»t Sear, the dawj Caiti'er, fee, on the 
meridian ; the lie, »d of A;*i!iornc*d.i, ihv netk id’ Cciiis, and the body A 
Culiunhi No,K‘hi, itc. s'refetling 

3. At ten o’clock in the evening at E linbnrgh, on the 
15th of November, v. haf ilars are rii'ng, wLat ftars are fet. 
ling, and what fta -sareon thcmeridhii) ? 

4. Whai llar:;dj not f<*t in tiu htituJo of London, and 
at what diftuiice from the equiaoftlal is the circle of perpe- 
tual apparition ? 

5. Vvhat ttfirr. do not rif^ to the inhubiiants of Edinburgh, 
and at what di/tarxe from the equmoflial 13 the circle of per- 
petual occultation i 

6 . What ttars neva ri^'c at Otahe-ite, and wliat ftars rtevcp 
fet at, Jamaica i 

7. How far muft a peru-n travel foulhward from 
London toloCe fight of th*: Great Jjcur ? 

8. What ftars ave contisi'-ajly above the horizon at the 
north pole, aod what ftars arc confUiitly below i!ie horisoa 
tbeivof i 
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Problem LXX. 

Tie latitude of a place ^ dap of the months and hour being given ^ 
^ to place the globe in fucb a manner as to repmfent the havens 
^ that time ; in order to find out the relative fituations and 
names of the con/lellatkns and remarlable fiars. 

Rule. Take the globe out into the open air, oivaclear 
ftar-Iight night, where the furrounding horizon is uninter- 
rupted by diffcrtMit <tbjcfts ; elevate the pole to tlie latitude 
of the place, and fet the globe due north and fouth by a 
meridian line, or by a mariner’s compals, taking care to 
make a proper allowaiuTC for the variation ; find the fun’s 
place in the ecliptic, bring it to the brafs meridian, and fet 
the index of the hour circle to 12 ; then, if the time be 
after noon, turn the globe well ward on its axis till the index 
has pafTed over as many hours as the time is pail noon ; but, 
if the time be before noon, turn the globe call ward till the 
index lias palled over as many hours as the lime wants of 
noon : fix the globe in this poiition, then tlie flat end of a 
pencil being placed on any liar on the globe, fo as to point 
towards the centre, the other end will point to that paiti- 
cular liar in the heavens. 

Problem LXXI. 

TV find v>hen any flar^ or planet ^ veill rifej come to the men- 
diiWj and ft at any given place . 

Rule. Elevate the pole fo many degrees above the 
horizon as are equal to the latitude of the place ; find the 
fun Vi place in the ctliptir, bring it to the brafs meridian, 
and fet the index of the hour circle to 12 ; bring the ftar 
(or the planet's place *) to thceallcrn part of the horizon, 
and the hours between the fun’s place and the brafs mcri- 

• Th- 1.4t!:iulc .ind lonpttide (or the tipiit a»cci fion and 
of •h I'liinu, r»nil bv.* t.ikcti from epl'.enreri':. i.ji the c b' 1.2 

KU.'/. lA VI!1 < r i X\ ‘r. 

ilinn 
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dian will be the time from noon when the ftar or planet ri- 
fcs. If the fun's place be to the eaft of the brafa meridian* 
the liar or plauet will rife before noon ; if the fun’s place be 
to the weft o^hc brnfr. meridian, the ftar or planet wnll rife 
after noon. In a fimilar manner, by bringing the liar or 
planet to the meridian, and weftern part of the Uorizoji, 
you will have the times of its culminating and fetting. 

Examples, i. At what time will ArClurus rile, come 
to the meridian, and fet at London, on tlie 7th of Scp> 
tember ? 

Anfu't'y. Tt will rile at (even o'chnik in the morning, come to the 
nieriJian <it three in the alternuon, smd let at eleven o'clock at night. 

2. On the firil of AuguH 1805 the longitude of Jupiter 
was 7 figns 26 dog. 34 mitj.,'>and his latitude^5 min. N, ; at 
what time did he rife, culminate, and fet, at Greenwich, and 
whether W'as he a morning or an evening (lar ? 

An/trer. Jai'tter role at halt* |»aft two in the .tt'ierncon, came to the 
nicxidian at .ihout ten mmutes to I'eveti, and fet at a (quarter eleven 
in the cvei.ing. Hero Jii|Mtor was an evening ihir, became he I'et after the 

lUil. 

3. At what time does Sirius rife, fet, and come to the 
nicridian of Londonf:on the 31ft of January ? 

A, On the ill of January 1810, the longitude of Venus 
w ill be 8 figns 22 deg. 54 miii. and her latitude o deg. 
26 mill. N. ; at what time will (he rife, culminate, and fet 
at Greenwich, and whether will Ihe be a morning or an cven- 
iiijlf liar ? • 

5. At what time docs Aldebaran rife, come to the me- 
ridian, and fet at Dublin, on the 25th of November ? 

6. On the firll of February 1810, the longitude of 
Mars will be 1 1 hgns 16 deg. 9 min., and latitude o deg. 46 
min. S* at what time virill he rife, fet, and come to the jneri- 
diari of Greenwich ? 


Pao- 
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Problem LXXIL 

Tafiad the amplitude of any Jlar^ its oblique q/cenfion and de» 
fcenjion^ and its diurnal arch^ for any gi^en day. 

Rule. Elevate the pole to the latitude of the placet 
and bring the given liar to the eafiern part of the honzon ; 
then the numt^ of degrees betvi*een the liar and the eaiieni 
point of tlic hoiizDn will be its riling amplitude i and the 
degree of the equinoctial cut by the horizon vnll be the 
obuque afcenfion : fet the index of the hour circle to 12» and 
turn the globe wefiward till the given ftar coincs to the weft- 
ern edge of the horizon ; the hours palTed over by the in- 
dex will be thq Har'a diurnal arch» or continuance above the 
horizon. The fetting amplitude will be the number of de- 
grees between the Aar and the weftern point of the horizony 
and the oblique clcfceiilion will be reprefented by that de- 
gree of the equinoctial which is iiitcrfcctcd by the horizpny 
reckonir.g from the point Aries. 

Ex AMP LI'S. I. Required the riling and fetting ampli- 
tiuh oF Sirius, its oblique afccnlion, o|)rique defcenrion, and 
duirnul arch, at I^ondoti i 

A^tpivet 'i'he rilinff amplitude is 27 def; to the fouth of the eafi ; 
fetting ainplitui’.e 27 do)^ louth of the urefl ; oblique afeennon 1 so deg. ; 
oblbiiie (Itjrcenfuin 77 deg. ; and diurnfll arch 9 lioura 6 minutes. 

2. Required the riling and fetting amplitude of Aldc- 
baran, its oblique afceiilion, oblique defeeniton, and diurnal 
arch, at London ? 

3. Required the rifing and fetting amplitude of ArClu- 
rus, its oblique afcenfion, oblique d^cenfion, and diurnal 
archf at London ? 

4. Required the rifing and fetting amplitude of y Bella- 
trix, its oblique afcenfion, oblique defeenfion, and diurual 
arch, at London I 









Pkobmm LXXllI. 

UtiiuJc of a placf gtven^ io find the time of the y^ar at 

eahich am^ known fiar rifes or ftu achbonicallYi th^t 

ii when it rifee or fete at fun ftUtng* 

Rule* Elevate the pole to the latitude of the place, 
bring the mven liar to the eallem e^e of the horizon, and 
obferve what degree of the ecliptic ia ioterfe&ed by the weft- 
ern edge of the horizon, the day of the month anlwering to 
that degree will (hew the time when the liar rifes at fun-fct, 
and conrequently when it begins to be vtfihle in the evening* 
Turn the globe weftward on its axis till the ftar comes to 
the weftem edge of the horizon, and obferve what degree 
of the ecliptic is interfered by the horizon, is before $ the 
day of the month anfwering .to that degree will Ihew the 
time when the 0ar fets with the fun, or when it ccafee to ap^ 
pear in the evening* 

Examples, i. At what time does Ardurus rife achro- 
nically at Afcra * in Boeotia, the birth place of Hefiod ; ih^ 
latitude of Afcra, according to Ptolemy, being 3 7 deg ^5 
min. N. ? ^ 

Arfoter* When Ardiurui is st tlia eaftem part of the horizon, th^ 
eleventh degree of Aries will he at the weftern part anCwerlng to the fini 
of April f , the time when ArQunis rtfes achronically t and it will let 
achronkaDy oa the joth of Bfovenber. 

• Sec page 15. 

f Hence Ardhirus now rifei achraRically in latittide 37" 45^ about 
100 days after the winter fo)flice. Hefiod, in Kii C^re W Di^e, lib. h. 
verfe xBj, fayS'; 

When from the folftice flsty wintry days 
Their turns have hnHhed, mark, gwt'ringTt^ 

From Conn’s facred doo^ Aretmrusxit^ 

Then firft to gild the dulky evening flues. 

Here is a diflference 40 days in the aclurouical riflag of this ftar (flip. 
f^Dg Hefiod to be donreft] between the time of Hefiod ajid the prefent 
time ; and as a day anfwecs to about 39^ of the ecliptic (fee the note 
14), 40 days will anfwer to 39 deg.; confe^uentiy, the winter loUlice in 
the time of Hefiod was in the 0th deg. d Aquarius. Now, the receifioa 
of the etiulocmcs is about a yeai ; hcncs 

sor 
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2. At what time of the rear does Aldebaran rife achro- 
nicaSy at Athens, in 38 N. latitude ; and at what 
timieof the rear does it fet ^chronically f • 

3. On wnat day of the yeardoes yin the extirmity of the 
wing of Pegafusrife achronically at London ; and on whut 
day of tlie >'i*ar does it fet achroiiicully ? 

4 . On what day of the year does t in the right foot of 
Lepus rife achronically at London ; and on what day of the 
year dues it fet achronically f 

PROBLEM LXXIV. 

latitude of a place to find the time of the year at 

nuhUh any known Jlar rifts or fets cosmicali*Y| that is 
when it riffs or fets at fun-rlfing. 

Rule. Elevate the pole to the latitude of the place« 
bring the given ftar to the eallcm edge of the horizon, and 
obferve what iign and degree oi the ecliptic are interfered 
by the horizon ; the month and dby of the months anTwer^^ 
ing to that fign and degree, will mew the time when the 
ilar rifes with fun. Tuni the globe wellward on ita axia 
till the ftar comes to the weftern edge of the horizon, and 
obferve what fign and degree of the ecliptic are interfered 
by the cafiern edge, as before ; thefe wm point out on. the 
horizon, the time when the ftar fets at fun^nfing^ 

Examples. 1. At what time of the year do the Pleiads 
fet cofmically at Miletus in Ionia, the birth-place of Thales ; 
and at what time of the year do they rife cofnticiJIy ; the 
latitude of Miletus, according to Ptolemy, being 37 deg* 

N. ? 

The Pleiades rife with the iiixi on the xotbo£May/.iad tliey 
fet at the time of fun-rifing on the aad of Kovember 

a« At 


: 1 yenr ? : i 2794 yeyx fiitee’the time ofHeSed { fbthtt he 

lived 990 yvirt before Chrtt, by this mode of reckottin$. LenMere, in 
' hts Cbfltcal DtAiennry, fajvs Hefiod lived 907 yean brnte Chrtt; 

* Plitty fays (Nat. Hin. lih. xviti cap. 23.} that Thales determined 
rhe cofmical in ting of th« Pleindcs to He twenty-five days after the au- 
tuniM.i* en’.inojL. Mip^x^firg this obfcrvaiion lobe at Miieiv$,thrr^ 
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2 At what time of the year docs Sirius nfe with the fun 
at London ; and at what time of the year will Sums fet 
when the fun nfes ? 

3 At what time of the year does Menkar^ in the jaw of 
Cc tus, nfe with the fun, and at what time does it fet at fuii- 
itfing, at London ? 

4. At what time of the year does Procyon, in the Little 
Dog’ > llowch» fet w hen the fun rifes at London^ and at 
w hat time of the % car docb it rife with the fun i 


PaoBLi M LXXV. 

Tofind the time of the year when any given fiar rtfee or fett 
HELIACALLY ^ 

Rulb. The heliacal rifing and fetting of the ftars will 
vaiy according to their different degrees of mamitude and 
briuiancy ; for it is evident that» the brighter a liar is when 
above the horizon^ the lefs the fun wiQ be deprejBM below 
the horizon when that ftar flrft becomes vifible. Accord* 
ing to Ptolemy, ftars of the JirJI magnitude are feen riling 
and fetting w hen the fun is twelve degrees below the horu 
TLon $ ftars of thtfecond magnitude require the fWs depref- 
fion to be thirteen degrees ; ftars of the third magnitude 
fourteen dvgtees, and fo on, reckoning one degree for each 
magnitude* This being premifcd : « 


wiU be s difference of thutjr five in the cjfmical (ettws uf th» fiar 
ifiicc the mne of llnles, j iH, as j d v «in( to about 59' of ths. 
ul>}ne, thele davi xvill m ke about 2^ , conrequeiitly, m the time 
of 'A h«lcre« the Autumnal vqtnno^tfat colure peffed throu^ 4* ti* 

^ corpui , aiiJ, as b« lorr, jof i year ' *4^5 yearf fiocc the 

time of I luhra, fo that ( h tics In cd fz 6^ — 1804) 66 1 > caio b4.fore the 
buthof Clm4, Acuirding to Sir LNS^tou's Chronolory* 'J bales Zau* 
tifKed 596 Icinre Oirift. Ibal*! was well ftilled in ^ometrv* aitarOi> 
nmny^ Slid plilliufi^> ; he meafured the beighc and extent uf die Pyratiuds 
% liktlui Atfi uiuicalcuLiied wah accurai.), aiular ecii^- he 
diiiovcred the folAices and e(i|uiiK)«es» divided the heavens toio tm lones, 
and lei onimeiuled the dnifion ot the year into 365 da)8. ll/fileius was 
IffUAi**'! i>i A(4 Miour, fbttth of i:.9lu.lvs, aod fbuth eaft of the dUudof 
''ani •> 

• > ' n I it n I. 
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ate PJtratEMS PEUFORMED FV Pari 111, 

To'FOL-Te THE Problem. Elevate ihe pole fo miiny 
degrees above the horizon as are equal to the latitude of 
the places and i'erew the quadrant Cif altitude on the brai's 
mendian over that latitude ; bring the given ftar to thofni- 
tem edge of the horizon^ and mo\e the cpiadiant of altitude 
till it iiiterfefts the ecliptic twelve degrees below tlie ho- 
rizon, if the Itar be ot the firll magnitude ; thirteen de- 
grees, ifthe'Rarbe of thefecond magnitude ; fourteen de- 
grees if it be of the third magnitude &c. : the point of the 
ecliptic, cut by the quadrant, will fhewilie day of the 
month, on the horizon, when the liar rifes hcliacally. Bring 
the given liar tothcwellem edge of the liorizon, and move 
the quadrant of altitude till it interfefis the ecliptic below 
the weilcrn e^gc of the horizon, in a limilar manner as be- 
fore ; the point of the ecliptic, cut by the quadrant will 
ftew the day of the month, on the honzoa, when the ftar 
fets heliocally. « 

Examples, j. At what time does B Tauri, or the 
bright ftiw in . the BulPa Hor»> of the iecoad magnitudfy 
rife aadlct bdiatally at Rome i 

I he quadrant wlU tht i|d of Caneer xj dag. behnr 

diecaftfjm horiaon. anfwaruig tethc 24'th of June; and c!ie 7th ofOo- 
iqiiii. X3 dflg* baUiw tha horiaon, anfwanng to the atdi of May. 

E. At what lime of the year doea Bhrioa, or the lilog 
Star, rife heliacdly at Alexandria hi Egypt ) and a| trhat 
time does it fet hclxacaUy at the fame place ? 

Ai*fiver, I'he laticuda of AlesandrUi » deg. xj min., nonb | the 
quadrant will interled the eatb if X««o, xa deg. hchnr thoetUen 'bod» 
atnt, anfweritilg to the 4th of Auguft * ; Rind the id of Gemini, xa deg. 
heloer the wefleni horiaon,aorweriRgto the a3d of May. 

I- At 

* TfaeanneAU reckoned the hegtnuing of the i>»^ />ayi from the he< 
ttecnlr^fing of 'SiJaS, tod their cominuatice to be about 40 ^ys. Hetiod 
iajfiBrnis us fhet'die hocteft Ibafon of the year (/>0^ en^d ah^ 

yOdays after die Ammer Iblftice. We have dctermiii^hi acotecC 
Eximple x Prdbil.XXI I. (though perhaps not very accurately}; that U.« 
winter folftice, in the time of HcKod. aras in the pth Ucgive of Aquariut ; 
eonihqtteutly, the lummcr (old ice wasinthe^th degide nofr, it 

•ppemfratn dbove, that Sirius riles heli*»caJty dtAleaandiia wtien tlie Alt 
i» in chexxth degree ofL.eo ; and, as a divne tidady atU’wers to • day, 
ikitivs role heliAc.*iny, in the time of Hcfiod, about four days ^ after 
the fummec folS^.ice ; and, il' the Dug Days couunued forty days, rliey 

eiiJcd 




II. TRt CIJrSSTlAL «&OBI. ttf 

Atudiat time of the y’ear doei Arftumt rtfe 4 ieUacally 
at Jerufalem, mid at what tsnie doeaat kt hcUacally i 

4. At what time of the year does Cor Hydne rife wi 
fet heUacallv at London ? 

5. At what time of the year does Procyon fife and fet 
hcltacally at London ? 

6. If the preceSion of the equinoxes be $oi feconds in a 
year, how many years will elapfe» irom 1808, before Sirius^ 
t he Dog Star« will rife {idtac^y at CIuiftiaaB« at Cairo in 
Egypt i When this period Lsppens» Sirius will perhaps no 
longer be accuied of bringing ftdtr>*' weather. 


Prqsubm LXXVL 

Tie laiiiudf ^ a^laci md Jay ^iienfp 9 Ui^ielti>givin$io^ad 
all tiyijfan that rife mijU 4c«aoiitCAL&Yi qoaHi* 
cally/ and KSLiicAtLY *• 

Ri^lb. JSfevsjkte the pole |a many djMpees ^re the 
hbrtaon^ AS are eqfual \jS tljfa litUiude of given place. 
Then, ' ^ 

,u,Fnf 

**’ " I " r ■■■ «i" u * ' I ' J I ' i. ' .< ■ ■■ J ' >' I ' * V n wi.i.1. 

sn 4 fdsbpvt%tydQnr^|Pj^^ Tjis D05 Psys, in 

w Minontlbs i*i|d.afjia3rf which ii twelm the 

flnamnrJmcf, sivi'«ad‘|in fih»./eHW0mh of Augtiftf whieb If in^-oAe 
days after tha iUmmer ftdfticfj ; tad their continuance is thirty -ainn 4^* 
Hence it is pkin, that the Dtyt of the moderns h<ive no reference 
edittever to the TiOng of Btriut, fte chit ftsrrttht hdiaeahy ft 'l/Oftdon m 
the tvency-liCvhof M^BuA,and,»t«eeli as the reft of the ftarsi varifc in iff 
rifing and li^ng aopiniing to the variation of the latkiidef of places, and 
tbSreljfe it (^uU hare no infiticj;ce whatever 00 the tciiqifrfture of the 
We(i8l?r* i JSti fs ,thc Doa^tpur role holitailly at the commsacemeot-rf 
the hopdl isali^ in p^^ypt, Greece^ See. in pwlisr of the 

It wrf im ^unl Cor tlic anpipotf to imwe tho heat, Stc. wdia 
^9, pf 4 if ftmr. , AW years ia<h theppftQiyi «h iw ahneoam ffllW 
m you on ^ apthof July,^ Shdfg^tjn^ 

nad^,, 
the i _ 

lis pr^iem a fttjB npm^e ,u ^ . . . .. 

i ufe IS to i%(byte fevetal jpaffaisa in the aoctotit yerimi, jtich as 
* "Vujn, C^uin*eQt,Orid« Plmjr, *«. 8s« Definition 64, • 

IS Ih# 


rl^llPOftMED BY* 


Furi IIL 


1 1 JFbr tie aebroniea! rffing and fittings find tfce flings 
in the ecliptic, and bring it to the wjlem edge of the hori^ 
soft, and all the ftars along the eaftern edge m the horizon 
win rife achratiicaUy, while thofe along the wcftem edge 
will&t achronically. 

2. For the ctJmuAlriJing and fittings bring the fun^s place 
to the mjtern edge of the horizon, and all the ftars along 
that ed^ of the horizon will rife cofitiicafly, while thole 
along the w'eileni edge will iet cofinicaHy. 

For the heliacal rljing and fittings ferew the quadrant of 
altitude over the latitude, turn the globe eafiward on its 
•uift till the fun’s place cuts the quadrant twelve degrees be- 
low the horizon ; then all ftars ot the firft mamtude, along 
the eaftern cflge of the horizon, will rife heuacally ; and, 
by continuing the motion of the globe eaftwardtiB the fun’s 
pttce interfeas the quadrant in iz, 14, le, 6ec. degrees be- 
low the horizon, you will'find all the ftars of the fecondt 
thirds fourth^ £cc. magnitudes, which rife heliacaUy 00 that 
day* By turning the globe weftard on xU ixts^ to a fimi- 
lar manner, and bringing the quadrant to the wefteni edge 
of the horizon, you will find all the ftars that fet iiefikOally* 

Ezamflbs. I. What ftars rife and fet cofitiically at 
Edinburgh, on the 11th of June ? 

Anpwtr^ The Wisht lUr in Ceftor, Altietenn in Teunu^ Fomalhset 
ifi the Southern Fiih, ^c. rirt coTmicsIiy | thoDs ftirs in the body df JLeo 
Minor, the aurm of Virgo, the right foot of Bo&es, past of the. Centaur, 
Aic.fetcormicaUy* 


The knowledge of clicfc poctiral rifings and fettings of the flan wai held 
hi great efteem among the .inctents. and was very ufeful to diem in adjufl- 
tng the times fet apart fbr their rtligiousand civil duties, and for marking 
thefesflws |Mroper k>r the feveral yierti of hufbandry ; for the knowledge 
wlndithssncieiiUhiid of the^mo^ions of the heavante bodies was not fuf- 
ficiem to wijuft.ihs vue length of the year; and, aa the retiiiiu>.i)! 
the feafona depir^ 14^ the approadf of the fun to the tropiaU 
Mad equmodial ptunti, lb they made ufe of theCe nlin|u and ftnings 
todinermhte the ccymmencement of the diffinrem CmfoMrthe dme of the 
overf)(»iing of the KUe, &c. The knowledge which the modems have 
acquired of tlie motions tif the heavenly bodim renders foch ohTeivitioiis 
as the ancients attended to in a great mesfure ufelels, and, inflead of 
uratthiifg the ttliug and fetting of particuki ttari for any remarkaMt lea- 
ion, tht^ can lit bnha lire-iide aiidcooCuhan'iliaan.tc. 

2. Wliat 



THB 4:i(LIITUlk Gvoms. |i8f 

2. What ftars rile and fet achronicaUv at^Dronlheim w 
Nonprayi latitude 630 26' N* on the 18th of May i 

Anfttur. Altaix in tlve Eagle, the head of the IHdphcfiv rHe irhtW 
niGjUy ; and Atdebaran in Taurui, Bcfceigneie in Orion, kc. Iht acbm- 
nically. . . « . 

3. What to of the firll magnitude rifea heliacaUyat 
LondoDf on the 7th of OAober 1 

AnJ%6«r, Arflurus in Bootes. 

4* What to ofihe^firlt magnitude XeU beliically at 
London, on tlie 5th of May ? 

Anfiver, Silius the Dc^ 3tar. . . • 

5. What ftars rife and fet achronically at London, on the 
26th of September i 

6. What tos rife and let colmically at Lwdon, on the 
23d of March? 


Problem LXXVIL 
To iUuflraU the prHeJfion of the ofuinoxet* 

OBatavATioHs* All ihc ftars in the different confteL 
latiana continually incrcafe in longitude ; conicquently ei- 
ther the tfrhole ftarry heavens has a flow motion from weft 
to eaft, ortbe equino^al points have a flow motion from 
call to weft. Ill the time of Meton the firft to in the 
conllellation Aries, noir marked /I, paffed through the 
vernal equinox, whereas it is now upwards of 30 f &gre^s 
to the caftward of it* 

iLLusTRaTiou. Elevate the north pole 90 degrees 
above the horizon, then will the equinoAial coincide with 


* Mston wsf a famojs inathcm4Uk:t9n of Athens, wild flduriih^ shollt 
430yeais bekrt Chdft. In a hook or cydi of 1$, 

yesn Lie endetfonfnd nr adjuft the edbtfe of llif fun ahd cf tile ttoilpri; 
end attesBpeed to Uieir thetifae loUf nad luwr yesrs could regii)nilr 
fromthetopnhLmtiMtoo^ 

t If the prstillfoli of the equinoxes he 5c j'' in a year, and if the equi- 
nofttti oolure pefTed through a Arictis. 430 years before Chrig, the kmi^- 
tude of this ftar ought now (1804) to he $ 1 '* to* tar 1 yon : : x 

S154 ytnrs (r :;430 X 1804) '• 3 ** loT 58 ', and iMi topNk h ndt 
£ir fretn the uuth* 

tU 



promrhs pcitiHniifBD ir 


P^ilt 


2 jM 

the hiMimit briiqr; the pole* of tht ecliptic to that pait of 
the brafs median vhfcbds 'ntiinbered mm the itorai pole 
tomrdt the equinoAialt and make a mark upon the brafs 
BM i idiai i above it t let tirirYnark be c 6 nfi 3 iMtf*a 8 ' the pole 
of the worldf let the equioofiial reprefent the ecliptic^ and 
let theediptic becOnfidered as the cquinofUa! i then count 
aSI degrees, the complement of the latitude' of London, 
from tnis pole upwaras, and mark where the reckoning 
efids»‘ which w 31 be at 75 degrees, on the btafs meridian, 
from the foothern point of the hori.:on ; this mark wHiU 
ftand over the latitude of London. 

Now turn the globe gently on its axis from eaft to mil, 
and the equiaodial points will move the fame way, while 
at the fame time, the pole of the world f will ddcribe a 
circle round the pole of the ecliptic j; of 46 * 56' in diame- 
ter ; this circle will be completed in a Platonic || year, con- 
iiftingof 2?«79l years, at toe rate of 50^ feconds in a year, 
and the pole of the heavens will vary its fituation a unall 
matter every year. When 12^895} years, being half the 
Platonic year, are completed (which may be known by 
turmng the globe half round, or till the point Aries coincides 
with tne caRcrn point of the horiv.on), that point of the 
heavens %vhich is now 8 \ degrees fouth of tne zenith of 
London will be the north pole, as may be I'oeii by referring 
to the mark which w'as made over 75 degrees on the meridian. 


• iThe pole of the ecliptic U that point on the globe where the circuldr 
lineemfeL 

f htt It be rememhmrcd thatthf pole of the ecliptic on die gkbe here 
t^feefentithe cl the world. 

that the exoremity of the globe'iaxii here reprefentt 

Che pote <tbe 

MjAPhtnak ys^ is npoMnf cinwdftcniimedbytlMtevoloMo^ 
thd f«||i|iKWfst| tto jperk4Wn| once o ca npiwed, th# tnidonta wove of opi* 
iddiT tluii the^di'kl waf m. besin anew^ audtht lame ierics of dungs <to 

icUttUevas|dB. Seethe d4diI>efiBkMU» pag^ <5* 






THJ» CSMmAb 

FnoBLtM UC3CVm. 

TV Jindthe iiJUams 9/ tbifiari from eoii oilier m dgf ms* 

Rvhe. La^ the quadrant ofalcitudc over any twoftar$t 
fo that tlie diviiion marked o may be on one of the lUra 1 the 
de^p^ea between them iviU (hew their diftanoe, or thaangle 
which thefe ftara fubtendi as feen by a fpeAalor on 3 ie 
earth. 

Examples, i. \Nniat is the diftance between Vega hi 
Lyra, and Altair in the Eagle > 

JtnJ't er, 34 deereeti. 

2. Rcqiiired the dtdance between fi in the Bidl's HorOf 
and y Bellalrix in Orton’s (himlder i 

What is the diiUnce between $ in Pollux^ and a in 
Procyon i 

What is the difference between the brighteftof the 
Pleiades, and /S in the Great Dog’s Foot ? 

5, What lithe diftance between • in Orion’s girdlcp and 
^iaCetiifi ? 

6. What is the dtflance between Ardurus in Bootes, and 
fi in the nght ihoulder of Serpentanus ? 

PaoaLSM LXXIX. 

TV JittJ tubat fiars lie in cr near the moon^s path, or nohoifiare 
the meon eon eelipfe^ or make a near approach to* 

Rule. Find the moon’s longitude and laritude^ or her 
rr^t afiHmfion and declination, in an ephemeris, for feveral 
days, and mark the moon’s places on the globe (as dire&ed 
inrioblems LXVIIlor LXVII) ;the»i by hying s thread 
or the otiadiant of altitude, over tlielephm, wu wiQ £ae 
nearly the and* codeqtientty 

in her way. 

Exam* 

* Tlwteitkmsftiw iMoa’socbaiwsiwfaniciilsr dsjsssyteSs^ 
thus; M die piste of the moon's sfceiuBiia node is the E n he mri ae 
msikthst pl»e snd Us antipodes (hews tbs d efc ewtii is mde) on dm 

llebes 
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PROBLEMS PERFORMED BY 


fori Hi. 


Examples, i. What iUrs w^re in, or ncari the xhooh’r 
path, on the lotliyiith, 13th, and i6tli of December 1^05. 

lothf ]) ’a longitude 20 ^ 1 2 ' latitude 34 S» 
XJth, • . - BR 4 22 - - 4 25 S. 

ijth, • . ^ 1 39 - - 5 S- 

16th, - - II ^ - 4 26 S. 

The wiH be fouiidl to he Cor T.eonis or Regulo't) SpiC^ 
Virgifiis, « in Librii, Ac. See piige 47 Whited hphemeris. 

2. On the i6thf 17th, iHtli,and 19th of May iBio» what' 
fk$r$ will lie near the moon ’a w'ay ^ 

i6th« D *8 right afcenfiou» 206^ 47% declination 9^ 42^ 8. 
17th, . - - 220 43 - - 13 14 8* 

i8th» • • • 235: 22 - - 16 3 S. 

jgth, i - • 250 38 - - ^7 53 


Problem LXXX. 

Given the latUude of the place and the day of the months to 
find ^hat planets mill be above the horizon after fun fetting , 

Rule. Elevate the pole fo mauv degrees abD# the 
horixon as are equal to the latitude of the place ; And the 
fun's place in the ecliptic, and bring it to the weftern part 
of the horiaon, or to ten or twelve degrees below ; then 
look in the Ephemeris for that day and month, and you will 
fihd what planets are above the horizon, fuch planets will 
be fit for obfervatioii on that night. , , 

Examples, i. Were any of tlw planets vifible after 
the Itin had defeended ten degrees * -bmw the horizon ^ 


globe ; half betwoea ihefe points make maxks^ ^ SO' on die 

north and IdOth (Me of the feliptic. rla. let the uo^em mrk,betw#eh ^ 
thohictiidiiif node, and ihefontheinbeiwetetlMdelb^^ 

ing and afceiidiiig iKide; a thread tied round thefe four pwotaiajll dmw' 
the pofitiOn.of the mcxMi'e orbit, 

* The ^net$ are not vifihle till the fun it a cert^ Oumbef ordmerv 
bdow the nbrizon, Md thefe degrees are variable adOMag ti» 
nds hfihe MaiieiR Mereury becomet viBfale 
deg, below the h'orjton ; Vcm»s when the funk depreffioik k 5 
IIP 50^ ; Jupiter ict* \ Sactirn 1 1*'; and the Oeoq^n 17^30'. 

8 London, 




Ckigt.lll’ Ckl.ltSt'IAI. CI,OM. zl^ 

LmdoB, Ml thr ift of Dcce«ber 1^05 i Theirlon^adti 
being z» follow ; 

i Ji' zif' % 8' i 5 > 37 / ) ’• loantn^ et 

$ 9 35 40 1? 6 34 50 midqiffEt. o' 9* 

^ 8 35 31 6 24 s ■ 

Atfv/tu Venus and the moon were %ifil)!e. 

2. What planets ^ill be above the horizon of I^ondon 
i\lientJjC fun has dcfcmdcJ ten dt^ices below, on the zjflh 
of January 1810 ? Their longitude's being as follow? 
a ro* 29® 20' If o* 18 longitude at 

9 9 33 o ^ ^ 12 35 midnight 6* Jf® 36' 

d II 10 43 7 14 b 


PROZLCM LXXXI. 

Ctvm ihe latitude of the phee^ daj of the mouthy and hour of 
the night or mormng^ to fnd what planets will he vifthU at 
that Sour* 

Rulz. Elevate the pole fo many degrees above tl»« 
horizcNkas are equal to the latitade ol tlie plate ; iGlxid tlie 
fun's place In the ecliptie, bring it to the brats meridian, 
and iet the index of the hour cirjc to i a i then, if the given 
tune be before noon, tumthe globe ealiwnrjd till the index 
Im p^d over as many hours as t)ie tune wants of noon 2 
but, if ll^ be paft noon, turn the globo wefl> 

ward on its axb till the index baa pa/fed over as many lipurs 
the time ul pa& noon let the globe reft in pofttion# 
ana loohin the jEpbemeria for ihelongituaeaof iJ biifjbHKt; 
Bo^ if kav «f them b« b the fims w%h are above tbe'jih. 
mon, fuen jdaiKtif will be vifim. ' * '» 

, ExAj^iMa. I. Oathebrft‘ofJ>n:e(nberi8o5 tbejb*’- 
giljodet* oTj|^ aacpbaniferbf were aamil^ > 


It Is not oacefl^y to gtve the bnendet of the ptsMU klihis |Td- 
fcleni; dogmsoTOieodipt^ m wmdi Ibsirtogitiidw 

tbo ftom witttlkmfiibe idmtim 


o 



tfllf f rs BV • PtH in* 

vifiUe at Lcndkm «t fivt o'cltMii k 
tfiMifaiff I ' ' " ' " 

s it 8* 15* a7' l*» liMgilvdeBfc. 

9 »3 4 b V 6 »4 50 awlii^o‘9 

''I# 8 BI*'' V 6 24 5 

‘ 4 ^mr. knam nrf tk Osergium Sidw w«m vifiMa; aaA -iNdi 
Mitljrfii ikHuM pBiM (4th« hMventi oetr the eeftemharma; Beaiia 
WHK licden the MMth «r tlM-G««t|hin,- 

s. On the firftofOftober i8io> the longitudes of the 
stonett in the fbnrth page of the Nautical iUmanacaie as 
: will any ^ them be eifibla at London at ten o’clock 
in the cveniiig f 

9* I* iff 11 a* >* is' h'slongitadeataMd- 
f Taj's? »' 8*0 3+ night 7’ 17" 51!. 

« 5 S 33 V 7 *» *3 


PnoBUM I^XXII. 

Tithai/iiderf AtplatemtiJaf ^thimmOt^ivaHtb^Uw 
im Ftmu r^u More the Jim onion fie u a mornitmfi^r 
mS boon kt^jbojeti afier ih/im oohenfieu o^ finnlini 
Jar, ' 

' Robb. Eieme the pole fo tmny dqprees tkema the 
horitoii as k9ei|aalto the latitBde mtbe^i^) findldie 
latitude and longKude of Sfeautw an mhemeihb 'B^ ImHR 
her phoe on the |^be t findtbe fun^s place in tiie edm^t 
hikg it to the biafs mendiaa* Imd fet the kdes' or «K 
h«^,dKleto isitheuf ifthafkceofVe«asbecothe'>rf^ 
iNM«f the ttMiidBiie Ihe k Bn eveningJ^I if tnAe |m 
hanib'^ kB'tiSkdBfdkr;.^^ , ^ 

P^muUeeo- o o Mi i f^a ri TmmtjMmmtItmiA 
tiB,theiikeoiiias to the^aMfieto ndge of tlit')k<k»w» 
hetos ]wfled«torhy-the kdu triUtoChe tinto.li—ti 
a^n the &n lets : continue the motion of thsMbhei 
word tiB VtoiH cornea to the wefl e rn oiilBrofw’lwai 
aid dm ,Aeimfa&d oser by. the kdampUB h»> 
frooi noon wbe« VjBtas feui the dMfcw B t ebatto 
(Haf^e ttillihew how long Veaw kOBfter tbefim. 

d mn 


IL THE CBLSBTlAb 


•fl 


tnm Flmu U M mmmufjht, lW»(tliitgMM«i|bMr4 
«a tM axis till the fun comei to theeaftcni cdnoftjw hod* 
xaa; die hows oali^ over bf theladexBW berthas 
wlu^ the Aiai^ before noon: eoMmnetlNtiiiatiiMeftlw 
rlobeeaftwxrd tdl Venus ctunesto the esftsni Sf^ of die 
horisony and the hours uflM overlqrtbe index. wdibe tha 
tine w1^ Venus tifos before noon: the diftrenas beteieea 
thefe times wdl ihew how Iodk Venus ittn before the 
foo. 


Nots* Tie Jami rule onBJirvofif tf tuMof, 

hiat^n^teadefiheAefVma. 

ExaurLBs. i. On the firft of March ilbfr thelon* 
gitode of Veons was tofigns td deg. 14 aho «r|8 dig, 
14 mio. in Aquarhu, latitm o deg. gt min. 'foittb ) was 
Ihc a moioine or an eseaing ftar 1 If a momiag 
how long did The rife before uefun at London | if an even* 
iag ftsTy how long did Ihe fliiae after the Xunfot T 

At/Wr. V«Ml«naaMn>]aaflMr{thefkaHAi}lMiir*htllaniksm, 
orstfolfi^fo aSl Venus xofe sbow if Ihwk ksMv aosoi era: tiwM 
eamus yXI <w>^ edwnninthri Vsnniuifc fores sne h se e ttmlmt 
ifal- 

X. Ox the 25th td O^slhtt 180;* the loa^u^ «£ Ju> 
pherwai 4'$gnt7 deg* adnun.» 0:7 deg.a6 min.mEagiu 
taiiui,J|atita 3 e o deg. 19 min. north ) whether was he 
xsiiiiiM’iisanoveinngftar f If a aiunnngfotr how long 
dMKa tuo hefoee the fonat London : if ariMnfoing four* 
hamioiydidhaAiae after foe fun fot? 


uMiWv ltt|iMrsMtSBe««iriagflw; fosAMfttatro’cMxanifak 
ffcasfosstsonhnrsiaftwfa; ns fmu widyi hs Arihsur andso 


g. Onthe fiifoof November i8jo» thefanigitodeofVfoi . 
Bua wfll ko 8 figos ax deg. an -min., latitude 4 d» g 
nd»)iMintM0^heainaedMnraO’rveDing ftarl iudfo 
ifodfoiwidatlir, how long wS foe 1^ befo e tha 
iNadanTfonaasanim ftar, hoar Isog will Am fowa afi«r 
itefox-fots^ « 

g.tPal he i Bi foa h «ffonHaiy (iiOr the lonf^tuftrof he 
fstoavfflfoe ofom hi dw* 48 min., lathttde a fof. l8mML 
wnfowiBhcbennMMBagorancveningftar f uheben 

«a tOMwiaf 



ayt nLOBLkna vEkrokMeD «v- ftirtUle 

him long wiU he ^e before the Aw ; if in 
eHMuqg fliu^ how longtsA he Aiine after the fun feta I 

i I 

PaciiLEM LXXXIIL 

1 % laAfudt of a place an/t Aaj c/ the mnnih * hewg gi*oen^ to 
fndibe tneridian ahUude of any far or planet* 

Rute. Elevate the pole fo manv degrees above the ho- 
vikoAas are equal to the latitude of tfie given place ; then. 

For a fiar* Bring the given ftar to that part of the 
brafs mcndiati vrhich is nujnbered from the equator towaids 
the poles $ th^ degrees on the meridian contained between 
the narand the honaon viitl be the akttude required. 

For the moon or a planet. Look in an qiliemeris for the 
planet^s latitude ano liingitudf » or for its nght afceitfion 
and decimation, forthenivu immth and day, and mark its 
place on the globe (an in Prob. LXVllJ orLXVll); 
bring the planet's place to the brafs mendiaii ; and the 
nuniDer of degrees between that plate and the honzon will 
be the altitude. 

£xam?csi. 1. What is the meridian alutude of Aide* 
baraa in TapniSy at London ? 

36'. 

z. What il^he meridian altitude of Arfturus in Bbott% 
at London ? 

^ On the firft of Septembei 1S10, the longitude of 
Mars w«)lbe 4 figns 14 dt g 41 mm., and latitude 1 deg. 
ofkun* north s what willhts mvudian altitude be at Loa« 
dofl? 

On the firil of Apnl 1810, the longitude Of Saturn 
wmbe 8 figns Ic deg. 17 min , and latitude f deff 4^ hur. 
aonh^ whrt ivili his meridian altitude he at Lomob i 

5. Oft the eleventh of April 18^, at the tiftie*of the 
moon's paflage over the mcndian of Creenwiehs her right 

V ^ ^ ■ ' ' ■ ^ *■ 

a TbsmeridiMB altitudes qT the SUrs oaihe the lapse lathtide* 

SfS mvsruhle; theicfore. wlkii the menlbn idtittide df tfisr b 
the ot the nu'wch net mil be ictended to, * 


alcen* 


THE CELEtTlAlr CLOVE. 


IX* 




afccniioa was 208 deg. 7 min* % and declination Il( ‘ 

48 mia footh $ required her mcflridldtt Vlti8lld^*tt32iMsA« 
wich f f 

Aijwtr. 21® 4*'- 


PaosLCii LXXXIV. 

To Jind all tbofe places on the earth to toBteh theifMH will be 
nearly vertkai on any ^Iven day* 

Rule. Look in anephetnena for themoou^a htitiide 
and Knigitnde for tlie gfiven day, and mark place on the 
globe (di in Prob. LX VI 1 1) ; bring this ptaee to thaTpart 
of the brafb meridian which is numbered the ^e<Mator 
towaids the poles, and c/bfi^ve the de^ee above it 1 tor all 
places on the earth havriig that latiiu& will have thefdc^n 
vertical (or nearly fo ) when flie comes to their refpedive 
meridians 

Ok : Take the moon’s declination from page VL of the 
Nautical Almanac, and mark whether it be north or fouth ; 


^ by the N4Utka1Alni4nsic, the moon psfled over die aMoridian at 40 
minutes pail ten o\irjck w tlie evenina* on tnt ixth if AfrU x8o^« 

208® 48' ]> *s ti^ht alccnfioo at midnigbL— DecliAatum tf* S* 
202 47 do. at - - • - * neon - • ditto ^ * 14 56 S, 

6 X tncreaTc in 12 houts from noon « • % f 

12k : 6'' r' .ioh40 t| lah* : 2* 7'. : roll. 4o':^®52'; 

itence2o2'47'4‘ 5“2o'r:2o8 ' I Knee 14^56' + t^52c: x6*'48^ 

(«i(» ngl t afciiiiioi. ni 40!^ tht rauvin'stlcchnaiiun af 4*^1010. 

miiiuien p il I o. ' } u t 1 ) 

*1 rio oi Cl e ma) W out <f the I^ylieninif lor noon 

mahout (indihk envr» bee* Mie liieur dcci*n2it»^m vary Ult djin riutef the 
m’wtt. ‘ 

t The moon win have the srtatefl ai d lf»aA meridiatt aliirude |hh 
hikihhlS^ Ihnnih of tito f ^uator, « h«u t at aiccnduig node m in Auw 1 
hat 01^ inafcisg an anKe n r\^ muu the ed'ptic, her aieaten: 'altMs 
ho m^e chaii the gr* &»? ft ncnjiso* 1 >11 tt Jc of ^he (14^ and^Nf 
Vdtf meskteoinl atdmde JS|® left tn43i tlut of i*.t .. n. Ijbe l^sateii drih 
rbik of ifie foti h 62** the ioo'ii*'s f rc*t«ft a^u£^ IFitfie. 

Hro i 7^' 20^ i he Ifult fnejiaKniat ukit\)dr of the fun atlCcndcift it 15 ' ; 

iht lc4it inu^umJ aliitude of the iSiKn uihcrcfoire 40^. 

o 3 tKeily 



^ tItOltBMt rtRMkMSB 1Y fktt III. 

|||ita|I)T tnreftrid ^T>e»«rly « tna^- iiMl'klHIaets 
lihAM'' tbe tune amhet of dogMCtrf hthoAtF A -mm oMt- 
ntforam the.moon^deefiBatien, tod thofe w 311 ^dle-|^lM:*« 
Ift wMcbtfac mooo wfflbefuewflhrely vertic«l«»the.giMa 
If ^ moon's dednatioo be north, ^ ^sees^wll 
iMIh north htitudet if the moon's declination bo-'ibiMfc, 
tbty win be in Ibnth latitiidc. > ’i' ^ 

Evamsi.es. i.Ondiei 5 tbofOftobcri 3 o 5 ,tlKiiioo«^s 
lengitudc at tuiduight was s figni 39. deg. 140110., and bar 
latitude t deg. 35 adit, foiitn ) over wbnt phwes did ibe pais 
neatly vcrtKU i 

^kf''uni. Fioni the mona'* Udtude ssd ton^ud* bring ^vea. her ds. 
cinwuui) tit^y be luiiud by the flobs 10 be rbuut 19" nonn. Hw nsM 
Sfsvrtrtkil at Foito Rics, St DsniDga, tbs nonb ef laonici, O'wfayV 
hcc, 

a. On tite aoth of December 1810, tbe moon's long!* 
tude at ttiidiugKt wiO be 6 figiit ao deg., and her fatthude 1 
deg. 5 ntin. nortb j over wbat places on the earth will die 
pais nearly vertical ? 

3. What ifc the gmteit nortb decimation which the moon 
catt poilibly have, and to wbat places will fits be then keiw 
tical? 

4. Wbat b the grt*teft fotttb decEnatiAn' srbi^^ ^ 
moon can nimbly hne, and to what pfaces will liitf. be 
vertical i 


PnoiLKM LXXXV. 

t 

GHin lie larituJbnfa dSiQt ^ the mtetth^emi thetASm4t 

■ tajlndthe hmr ^tbe eAghtt and thefar^i'wnA*' 

math. 


ftVEin. ..Slefise tbevele ib many degstes abOfaeUwiiK 
mSli as to tfie Wtyje «f the^^jssife 

the ^uadthat of altitude uptm the brafs mentnan over^M 
ittitiMe } findf^' ili^i pti^ in the cd^ici'bliiw^fr^ An 

|9p| tl^ ibden of the bo^ cb^lS 

bqng orihe qm^gant of al^^lojidikliK' 


rm CKtflTlAp, 01 PB«. 
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•f tbi lanidiu * jm’whkh dtr-ftw tn^ fitoaMd wt^apj^ 
i«r*«d } tnm tkegtpbtt w^«ranlt^ Aba.caRtM.of tbi;. w 
cmt tlit gjnt» wndt pn Um quadnuitj pouot ibp hpur* 
.lAipli the iwles bap jpslMewr*.ud thc^wulflieirtlw 
ItaM fireni soon «dMii tm ftar. haa die given ahitpde i the 
y dra nt wiUinteifcft the horboa in tl^ lequmd admatb, 
j^aMPLCB. I. At Londpn*. on the alth of Decern* 
hir> the ftar Dench in the Dios*«tai.« marked l» wat ob* 
lerwd tP be pp above the hprieen» and vaft of the me* 
n£'ut what henr vma it» and nrlnt was the fi^a asimodi? 

Anfw§r> By brinpng ihe lun*i place to the nicridli'^t * 0 ^ 

|lo^ wdtward on its exit till tlit fbr Ci<U 40 ^ qoodfinst, t^Ji 

tfih mertSim^ the Met wilt piaflad ovef' 14 hours; mftqiMtly, 
ate to has 40 deg. of alrkiicte «ail of Uie mtridiime ‘ iqhoiurt fim not'ii 
er ftt two o’clock in the uoraing. Its cshnufli will be 6a} def.£roRi tiu* 
fouth to«*itrds the eait. 

2 , AtXoodoo, on the aSth of December^ the ftar 6 
the Lion’R uii was obfenred to be weftward of the men- 
diaiip and to h8ve4o de^. of altitude | Mirhat hour was it 
and what was the ftar’s azimuth f 
Aifwef. By cumiug the gUto wethvaid on i|f no titt d^e Bar rui'i 
4j^ jltf . ,«C th« qufidninc, mffUfiamp the into wiD bw.'s pa^ 

o^'er 10 hours ; cunfcuuently* the ftar hns 40 4 «g of alVintile weft of th^ 


•Biaiiudi jwttbt 6iif the louthtowanhche tfreft* 

f. At LondoBt on the tft of SeotemW^ ^.aHitade of 
Beoetnach in Urla MafOTg markeo.eg wat oblerred to be 

J 6 deg. above the horizont ftnd weft of the meridian ; what 
our was h, and what waa the ^ftar> aadmnth i ^ 

A. On the arft of December Uie altitude of 8miia» when 
qtaftoftheuKriduui at iroadoi|» was obfenred to he J| dec. 
above the bomon i what boiur waa itg and wbat was the 
ftar*s aftmoth ? 

.5. On the lath of Angnftp Meakar in the WbaV*s Jaw^ 
■Hirhid apwraa obferved to he $7 dag. abovethe honioa 


<,fiilPMs^«acelb7lo torn ae ofM ii^v«f Iho mandiuithf feirba| 
iftt damefehftovitioajb hacse^ kwftl havetha finne stuttoqMthito 

d[:i,ftv toflUr mhe tphanac blaiftop botit is baft mtal^to M 
IM'imw tM awfidfeii iMcaiife tolbiw tto Wfm 
to ri 6i s a < MidMklMeyiiMhyilw slticiidafatovi^ 

04 


of 



rKOBLEMS BtUrdlCMfcD BY 


196 

Bif London» and oaftward of the meridian nvhtrt hcMEir 
and what was the llar’fl azimtitfa f 

Problem LXXXVI. 

^Givrn the latxtutU of a places doy of the moxith^ and ioutoj 
the d /v> to find we altitude oj any fiat » and its a%w/eudii» 

Rlli. Elevate iho pole fo maiiy abo\e the 

hon/oii uS aic ccjiial to the latitude of the j^ace^ and fcitxv 
the qua I of a]t»tu<!e upon the mciiduii over thttt 
latitude ; hud the iuu’b place In the cJiptic» brin'^ it to the 
bc«iib lUN^nd^oni ai.d let the ludwX of the hour circle to xa ; 
thta, if the given time be bt^foic noon, turn the globe c«iA« 
ward on its axis till the nuhx > p^Oed over a& many 
houu as liK tune \^iU t.> of 1 out ; ii thi time be pait roxin, 
turn the globe wdlw 11 d till tli 1 dex han pafh^ 01 er 
man) hours as the time 13 p*iil noon : let the globe reft m 
this pofition, mid mo\e the q^uaduait of altitude till its gra- 
duated edge toiiicidt^ >vah the centre of the given itar; 
the degreti on the quad, uit, fiom the hori/on to the ftar, 
will be the altitude ; aid the difisunce from the north or 
fottth put of the btalb uuuiliau to the quadrant, counted or 
the hoiizoA, will be the anmuth from the north orfotxth. 

SkAWBLEs. i« What are the Hltitude and anmuth of 
Capellai at Rome} when it xs hve oVlock m the morning 0:1 
the fecondof December ? 

Aidwr, *rke u 4t Beg. min. and the ntmuih 6c deg. eo 
ailh.tf<>in the north towiidk^be ^ 

a. 'Required thphltitudeaadariihdth of Altnif in Aqu?l!i 
on the 61 ii of O&ohcf, at dine o’cfock in the evening/ at 
Londpu i 

* On what potnf of the Joes tlie ftar 

¥an heBirat tlba^pe'o^lOood Hope, on the fifHixanllkfiSh, 
at.a quarter cxglit o’clutk m the cvemag ; msd whatJs 
ht attitude? 

tWiHuamih mad Jt ^ 

uSktsasdeg.toqdB. - i ^ 

' " 4^ K*- 
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' 4. $.equfre^ the al^tude and azimuth of Acyoiie in the 
Pleiadcsv marked ti, on the aifl of Decemberi at four 
o^clock in the morning at London 


PaoaiEM LXXXVII. 

Civtn the latituAe of a place^ iky of the monib% and azimuth of 
a Jlarf ia find the ijfpur of the night and the fittr*! altitude* 

RvlXb Elevate the pole fo many degrees abmm the ho- 
rizon as are equal to the latitude of the places tffd fcrew tlie 
qaadraot of altitude upon the brafs mendian oter' tSMIt lati- 
tude ; hod the fun’s place i:i tlic ecliptic^ bring <it to' the 
brafa meridian, and fet the index of the hour circle to 12 ; 
bring the Iwer end of llic quadrant of altitude to coincide 
with the given azimuth on the horizon, aud hdld It in that 
poStion ; turn the globe well ward till the given ftar comes 
to the graduated edge of the quadrant, and the hours pa ITed 
over by the index will be the time from noon degrees 
on the quadrant, reckoning from the horikbh'to the^ftar, 
will be t!ic altitude. ' ^ 

£xa^i^LEs« t« At London,, on the aUtb ^December, 
the azhnuth of Dehcb in the Liow’s tail, mafl^ w 4 h 
62 i deg. frmn the fouth towards the we(l { whit hbur is’hs 
it, dnd what Was the ftai^s aititadb;? ‘ ‘ ' - 

- •Anfivk. - By globs weftwantem t^^ 

ever 20 lioiurs ^fbte tht fiar intedeflt the 

will be 20 houo ^om asni, or ci^ o'doik in the momiog] luid the 
fields altitude will be jgeg. \ 

a. At Lofidon, on the 5th of May, the aziiputh pf .Qor 
Leonas;; br Regnto^ sharkw#, wasf^ the fouth 

WwibAi requiit^tbe 1^ the hour 

of night t - * . . 

^T^IlinBeSfhbrOaobcr, izi^th of thelUri^^ 

$ re^hed - lUidtttode atXoiiil^^ 
jdte ni^t j ‘ 

Septeoiher, Uic 




TMt ClLttTIAt etOBI. 


tr. TMB CBLBtTIAt OtOBI. 

tbe^patent of akitode upon the braf* meridian over that 
ktitude ; find the fun*a place in the ecliptic* brfae it to the 
bnda mendian* and let the index of the hour cirde to ts t 
turn the globe on ata axit ftomeaft toweft till the two given 
ftira coittdde with the graduated edge of the quadrant of 
altitude ; the homa paud over bp the udea w ihew the 
taaie Itom noon } andthecoauaooaahBa^of thetwoftara 
wM be found on the horixon. 

ExAMFLaa. t. At what hour, at London, on the firft 
of Map, arfll Altdr in the Eag|e, aadVegaia die Hmp^ 
have the inie aaimnth, and whit aaffl ^at aximalh be i 

Jhffiair, BpWadacdwAm't flaaalai|a nMiUlMido aaCtumiai 
thad** aafiuaa^ <ea laiat uS |Hke*ar eilwenkahre theihea ee» 
cUe uMitha qaataoat haaaa mp wS heaa thaikma adanahat at 
hounftom noMit or it thnt •’daok in the aiaralnn aai thaailMtB 
» ill Be aa| 4e^ ftoni the ftedt UMwii dtt oaft. 

2 . On the loth of Sepinpibtr, vtbaliafdbelMMirBtlrMu 
denudwnOenabiaCpgBaaixnd Mnrfcaban Bmafoa^have 
the fame aximttth, and what ia the axhaudi f 

«. Atwhathour on the ijth of April wilt Arfiama and 
SplBa ViigidiB have the iaine aKimath at Xemdon, and what 
wfflthataannnch be 1 

4 . Oadieaothof Februarp, adat la dMbourat Edio* 
bnm vrben Ci^da aadthefbhdnk ha«e^>foiaeaaiL 
Buth, and what it the axhanth i 

S< OadmatftofDecaribcrpWbaciethelMir al3)ailu> 
ama •» or AlgteibinPerfent, and diatbe EhBfa .li w iq, 
have the lame asiaanth, and what ia foe aaimnth I 


kofintpwteadnMvvMn > dwi, dnw a IlnidK V<w tbeqfh the 
aMfo «r dll mwd M do ilMi iB-% fhe ia tbf npMv pHt «r 

liwMHt mm fteriir iadietlHi andr in tb* lorn iwt ef tbrluMv 
te niM A tiMo «B anfaidow. w la the MfnAr. «4 mlt tfll 

vMm; dooltfo 

dMbdhiiiwiwhate ladp wfaapmr vtawBp A dMdirilwin 
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PflOBLlM XC 

t 

Tkf Idiiiude the the Jay 0/ the motitb^ emJ tma JhH^f 
that hanseihejkme altitaJUf hetng gtven^ to jinJ the hour of 
At night. 


:^XB. Elevate the f>ole fa many devices ah9ve the 
Wnsoitat are eqaal to the latitude of the ']^ce, and ferew 
^he quadrant of akitod^ tiiKHi the brafa mendian over that 
htitude I fod the fyn’t place ja the eclipticj ^bring ^t to tlie 
jhvati meridiant and &t indea of the hyur ci«^e.to 11 ; 
tum the ^otie on ito aiii from eift le weft till the ^tven 

mfn coincide vrith the |i^en altitude ovt the gi^uated edge 
eCthe quadrant $ the Mats paffed overlay the iddet uriQ pe 
iiiedime fmm uobo v#Ii»a the iwo ftaia have 4 liai altitude^ 
jt .JbkHfiptM. r. At whathtfUrat Xuond<m»wathef«eso^^ 
ti ^ptember» Will Marloib ip P^gafuty akid'o in ttehtad 
tfAndfumedag haheetchso'dagvd^ 

‘ laieMr. Ateqat^er^nh e(g!itin the evet^^. 

Z*, At what hour fit London* on the fifth bf 
iMlat Menkarte &e jaw, and «, 

Taturoa, hare eadh 35 <Ke^. of altitude / 
j. At what hoim at Edinburgh, on the t^nthpf 
belt wffl n, Ahah in the body ofthe £agte; and(; in 
firiS'^the f;agie, t&rie'i$ach jc deg. of akitude i ^ 
^ At What Mttr pn tte fifte^th of Mky, 

%^3fcaiatnach iadie Otqurt-Baa»*-» ta ilr and y^kit i ifrllio^ ^ 
have each $6 dag* of altitude f ' 


PaoaASW XC 3 U 

Z^jumaae* wrwejffayj ha^fnj thlhim AthhiJlf 
^^kzmnthmg^ghen, toJMtiifjtituJc o/the^r\^ 

^ AuLsr IPIace the^'^difated edge tJt the 




TME CELr^TIAL^CLOBP* 


II. 




VHiofa nistT^e<l o, on tlic fowcr end of the qdadranl, coin- 
cides Vrith tho given flitimtlth on Afehomon j ^-licn tins 
ts the elevation of the dole wJH be tne latituile. 

EicllMPi«fis, T Theytitu* of Arrftfriis wAI obfer- 
IW to^Se *40 deg i add that of'COf Carcn itfS ‘ 4 e 4 ) their 
common aEimutn *at thVftihie tiihe iroha the 

feoth towards the eaft ; required the latitude ? 

514 deg. notthJ 

a. The ^titudp of > in Qa&of dbloKltd »he 30 
deg that 6f ^ in Procjfpii^^aa $ < their G9infnoii 



Tii day of ij>e motui hingfiven^ 0 ml the Jhui^ ^hm 0 m i00mfn 
JIar or u JSnd b^vde of Ai ^ 

Rtrue. FM the fuu't place is. die adUpd^ 

iaienoftme hmir-^)eto 
la |]h4)>ii£ilhR«vcA.ttme;bei)<£M^fb^ tan) the gloVh 
^dlwaia dO the in^x 1iwpdIild..oir<!r n aMny hdun aadw 
tim mfiiuiii nopa i bpt, jf the nven tine bepaftne^- 
tMm. ta a 'g ih e wa ft it a id tail ^wdaxhaa paiw 
viaany^mliaejdMtMiakpdtaooB; fdamteort* 

„pdiej^ the centre of theatres .Aar coinailtsli^ 

«aw?r d w the db f rtw i a^ <S6 j^ ;wi M^ rnTj^EttOSc? 

, S^ywiaat^ jik-Ia-a^''Wdt«d»i^e^ 

Bodtea-tifit at tadf paft 'pwdw^idadt 


»OBLBIfl rSBFMKBB BY 




9* In wliat ktitade does Cor X»eoms, or Regnlui, lifeat 
ten o'clock Bt nighty on the twenty-firft of January t 
c. In what latitude does /i» Rigd in Orion M at four 
o'dockin the mornings on the twentjr.firft of Deconhcr ? 

^ Id what latitude does Ciwconms» let at sSemi 
o'd^k at night on the tenth of O Aober I 

PaOBLBM XCIIL 

T^Jbulw cvW cbf rf theyeMt f»y nvmjar sig wr. 
riffna mi oiQf gfoffi eaiir. 

Kolb. Bring the giTen ftar to thehrals meridimit and 
fet the indea to ii ; tlien« if the given time be beibre 
noon \ turn the globe weftwaid tilT the indea hat indTed 
over as maav hours at the tinae wants of noon ; but» if the 

e n time be paft nooiif turn tbe |^be eal^rd till the 
X bat ftdSA over as many boom as the tune is nail 
men I bbterve that dmee of theee%p|ie ndneh ii kier^ 
fcdMI by tbe gnrihiuited edgoof tim 
4a;|rixf uie uMum anCweeiag theieu^ 
the d^r rcfusied# i 

^X4ns^fs. If On wbal d^of the moath doea 
cvm come to the meridian of London at three o^ebdkin 
lhe>iBoniingf 

dh^c<w Hm tbstlmt it aiaclisun WAsenosu} dw |khe«Mdl 
dicrsnre W tumsd ainskountooudi the wtllf the Mias ^ ecUpOa 
imeiftdledby thebrdt mcrilUa uitt dwabe the^mef s o ftr aria g 
nc^fty to ths fidt of Hscendur, 

ni On what^ ofthemontht eadinnibntniontbfr dose 

AUeiaminp iiiCnhcui» coimto thn aaeridmof EI4ia« 

teno'cIodatBsg^j ^ 

^ ^oen^HarsthetiiMkwiiQmMkrasoB; the lihlemt thtso 
mrelf dhi^ ea<)pM Ihlis^ 

Mhdlwtlichii y mssrikn dtt then he dw 

iMi siSMNiaiMii 


• s«k* r‘-ir ‘ ' ^ 

S* iH 


eh^ n. TMB CUtITlAL CLOBB. ^ 

Oa what day of the tnoatb, and in what month, doet 
$t Deiwb iotbeLioii*B tail^come to the meridian of Dub- 
Bmalome o’clock at mght I 

4» On what day of the month, and in what^month, doea 
Anftiwna k Boblei come to the meridsan of London at 
noon? 

5. On what day of the month, and in what month, doet 
t in the Great Bear come to the mendian of London at 
midnight ? 

& Onwhat day of the month, and m what rtanth, doet 
AUcbaran come to the mendtan of Philadelphia at five 
o’dock in the momifig at London i 


Pkoiiiit XCIV. 

^ 4ft ^ deor 

tLvu^^ ffSod tha fun’a pinee in the ediplieji bring^Kto 
Ae binii nwridma, and fitt the hidea tOPiMhMr cHim to 
at I turn dm^lobt weftward on lu axis tifl the aSven Stift 
comet to the bralt mendiai^ and the hourt pdfiid over by 
the'inte Will be the time frdni noon ndien the ftir cm- 


ExAWPLit. 1. At what hour does Cor Leonitb or Re* 
giiluicome to the meridiaiiof London on the twett|r4iiafd 
of Septendbert ” 

Attfimr. The lmlta«itt]Mrf over af|1imin(>tiimdihnwci^ 
^ or it thm^ivftKttft 

* aX JkiSiflhntlMMmdoetArflmiicome tothen^ 
London on the ninth of Fcbnikry t 


Afhir. mo Itdoa wiflaih Ovor tMlatmc IwawArtniim 
tii ImmuAwnto^, w ft hdriol tero^dcdt 
5* Reqnimd^kiehomat whk^the fo&owi«gd|ii»eo^ 
tottemendian of LonAgn on ||ie iWSfitfttvedayn ittaed f 
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g :ll<!tn\, Tamiary pth j Miiacli, O^bcrjtl*. 

ciiknr. May i8tu, Ftbrujiry jitli* 

t Diaco, StpU zid. Ancs, November jilu 

4» Dubhc, Bee. 20th. ^ Taurus^ January 24Ui I 


Problem XCV# 

Civtn the azimuth of a knownfar^ the latitude j and the hour 
to fndihe Jlar*s altitude and the day of the month* 

t 

Ruif. Elevate the pole fo many degrees above the 
hoii/on as are equal to the latitude of tnc given place, ferew 
the quadrant of altitude upon the brafs mendiao over that 
latitude, biiug the divifion mtiifced o on the lower ^d of 
the quadrant to the given a/imuih on the honron, turn 
the ^obe tdS the Rar coincides with the graduated tsdge of 
the quadrant, and fet the index of the hour circle to 12 ; 
therii if the given time be before noon, itrin the glo)>e 
vtdlward tifi t)ie index hds puffed over as mdny hours as 
the time wants of nooh ; if the Wvbn tiiBc bejpaft noeh, 
turn t^e gldbe eaftwai^ till the mdebc has paflra over as 
many ht>t«rBas the time is paft nobn ; obfervethat degr^ 
of the ecliptic which is interfered by the graduated edge 
*of tltebinisineiidian, sad the day of the month anfwering 
thereto, on the horizon, will be the day required 

Examplss. 1 At London, at ten o’Uot^k at night,, 
tha aAimnth of Spsca Virgims was obferved to be 40 deg» 
the fottth towards the weft } required its altitude, uuft 
the day of the month ? 

The «ltitu9« St jkOdyg. uidihc diy is dw St^xmo, 

TJm tim« beniz ten hours {isil aoott^me globe itiuft be tuxiieS teh hbuts- 

l« At littndoi]^ atfoQro^clock in the ilhomuig, t|ie aad- 
tmtdi 6f AHMms was 7b deg. from the fouth towards the 
mqdif t d Sts and theduy of the month f ^ 

Here |he tins imis eight hcHiiiJUiifloiudieWfore^ 
mw be turned eight hours weftward , the tlutude of uie lUr wiBb# ffMjb 
tobeAodbg., sad ti^ditytlw%athofAt«B. 

5 3 ‘At 



THft CfiiLESTUl. G.OBE, JOf 

At Edinburgh, nt eleven o’clock at night, tlu^ a/j- 
muth>o{:<i» Serpentanit$, or Raa Alha^us, was 6 o deg. ftuUi 
ihe fotith towards the eaft ; required its altitude, and the 
day uf the mernibi ^ 

4. At Dub}m,.a[t two o’clock. Ill the morning, the arl- 
mutboF A Pegafus, or Scheat, was 70 deg. from the 1101 t!i 
lowarcU the tail ; required tU aitilude, and the day ol ihc 
inoiilh ? 


PROfi];FNL XCVI» 

Tfu a\U Nth s of iiwo Jtars bang given t to find the iatiiude of 
the places 

fjf 

Rui.£. Subtract each liar’s altitude from 90 deg. ; take 
fuecelfively the extent of the number of degiees^ quntained 
m each uf the remainderf^ from the equiuo^ial with a pair 
of cOmpalTes | with thecompeiTes thus extended, plMe one 
foot fuooeffively in the centre of each flar« And deicribe ar« 
dies on tlie globe witkablacklead pencil ; tbi& ar^s will 
crofs each other in the aemtb ^ bring the point Of interiiec^ 
Uon to that part of the braft meridatt which ia^niimbcred 
from ihe couiooclial towards the poles, and the degree above 
It will be tnu latitude • 

Examples, i. At fea, in north latitude, leit>ferved 
the altitudeiDf Capella to be 30 deg., and that of Al^tran 
35 latitude was I in f ^ " 

With tti txikht of 50 de^. / ukvii ftom tbs 

iqtiuio^lub rtt'l wile fxit uf diS cdnipi+cs h die centre of Cijicibt dc- 
3 atHPcirlklUi^ pisnutttt? tiien jrfth dea. (!Cvo — Ad )i 

t dwell m 4 ti Var the eomiiielii in the centra it 

A.JcUrjii, t(e(q:jbc Miwitier rreh, Cro^g tue foimer } the point ot mtsr> 
Sy ttiou tirouiiit to the hrais mcxidiiu wHl (hew tbeUutade to he aof deg. 
uoith. 

ft The slthQd* of |fulHb itiP^gertt* ira* |a afl 
ftatuCAkiur in the £a{^ a$ the e^pe tinwa t 

wliet init latitude, fuppofing it to be north r 
Wf def.nartli. 

$• la 



J66 FflMtEMS' rtIlfMlIlM »T IMlft. 

j In north latitude the althade of ArAurtu was ob- 
ferred to be 6o dcjg^., akdtfcat of^ or !Ucfieb» in tlie JLiou's 
Uilf at the bme was joAeg. $ what wa»tl^ latitude ? 

4« In otirth htitude* tM alStude of PrOcyoa ms ob- 
firrved to be 50 dpg.»ai^tlut of Bcfiel|raefe in Ofioa^ at 
tlie fame time, was Kff deg. ; required tne hUtode of the 
place uf obfcrvation c 


Pl^OBLEM XCVII. 

Tii mcridtafi altitude df a hn^ntat Mujf given ai any 
to fikd the taikudim 

Rule. Bring the given ftarto part of tbebrajsfinc’ 

ndian which is numbered from the equinoAial tou^Ms the 
poles \ count tire number of demes in the given idtiludef 
OB the biafs meridian, from the ftar towards the fouth part 
of the honion, and mark where the reckomng ends % ele^ 
vatr or deprrfs the pole till this ttiaik coincides with the 
ibuth point of the horizon, and die rk^ation of the aortii 
pole aMve the north point of the horizon will fliew the la* 
titude. 

EaAMetss* u In what degree of north latitude it Um 
flseridiin ahitode of Aidebaimn 5a|deg. ? 

Jhfmtr, 53 dif. 36 Bun. north. 

a. In what decree of north bthiide ie the inarU£an dtd^ 
twin of Bf one ofthe pointers in Urfa Major, 90 deg ? 

}* In what north Itutudeis e, in tSe bead of 

Dsbco, vertical men it culmmies h 

4. In what degree of north lalHodeis the mcfldiift afti* 
toll e 4 f c or Mirach in Bootes^ 68 li^. } 
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, , PaoBLii^ XCVIII. 

Z?# tai^uJh ^0f^ci9 diy Bf iitm9mStanJh»iirtfUedM 
' Mh^ ghfitit ftTmitAe HON^OBftlMAL DBgAb * q/ ilu 
icBjftk, kf miluk and iaisLimmh^ mtd tht m&Divm 
C®L l‘. 

Rulf« EIrvatB the north pole to the latitude of the 
placet ami fcre\e the ijuadraiit of altitude upon the Drafs 
mendian over that latitude ; find the fun’s place in the 
ecliptic^ brinff H to the blfift mrridian, and iet the index of 
the bo IT circle to 12 ; tfaeut if the yven tune be bcfoic 
noon, turn the globe c^vrard till the index has nafled over 
Bs mny hours aa the time wants of noon ; but, if the given 
time Wpaft noon, turn the globe weftwavd till the index 
hBs^affod oyer as many hours as the time is paft noon» and 
Bx in'* globe In this pofitioo \ count 90 deg. upoli theeclip- 
tic from the horiaon (cither eaftward or wcAwerd), and 
mark where the reckonmg ends, for that point of the eclip* 
tic will be the nonagefimal degree, and tlie degree of the 
ecliptic cut by thebrafs meridian will hk the medmm cosH ; 
briug the graduated edge of the quadrant of altitude to 
coibade imh the nonagefimal degree of the ecliptic thus 
found, and the number of degrees on th^ qaadnmt, counted 
from the horizon, will be the altitude of the nonagcfimslde* 
gror : the acimitth wiUbe (een on the horizon. 

Note. From the itft of December to the 2xft of Jof^ 
Ibr juooagefima) degree of the ecliptic is ciA of the merii* 
dian ; and, from the iiftof June to the f iftof December, 
u. of the sfteridtnm 

EzAMrLSs. 1. usft of June, at Ibrty-five mi* 

antes paft time o’clock in Ae afternoon at London le* 


* Ths awiHifiMMildHirve qfdie tdiftk it that peliic which h the bmO 
cJeviCsdshmtliehcNrim»ir^ tcmsarimd ly the msW which Oie eel^ 
Milws whh the herieon et eny dopedoa m the pole : or, k Is th* dif* 
imetewmtbewtM ofdieplameiid the pokolme e^BCkw Thw 
eJwy friy i iiady gfed in the cafailsdeaqf fafar eeBefei. lliemc^ifai 
ermidliewen, k ihat poiat ertfee ecHpcic whidi k epoatfieiae- 
siOaa ' 

qiiired 



3 c 8 problems pertor^m'bd by 

qutrcd tbe point of the ecliptic k the honafftfimal de- 
gree, it^ altitude and azimutii, the Wgitnde of tw tkiedhiin 
»li, and its altitude, v 

Anftver. The nonagcitunel do^ee it lo deg. in X<eo, its akitnde ii 54 

def . » snd it' nzimitth SS deg. Ikom the fcMith towerdt the welt» or jneady 
S. 9. W. 1 lie mid-hcJ>en, or point cf the eclipuc under the braj^ipen- 
dUn, IS 14 deg* in JLeo. and its altitude ahote the hoiizon is 52 deg The 
degree of the cAuitio^*bl cut by the brifs t*'cridisn» reckoning ir6m the 
point At. ts, li the right alleubon of the nud*he#ren* YShich m this ex* 
ample IS 1 46 dvg. The rifing poiin of the ecUptic u ill he found td be 10 

deg. in Sn rjno, and tlie fttting jioinf 10 def. in 1 aurus. If the gra- 
duated c*i/c ot the quadianc be Nought comade uith the iiin e {d >c{g, 
the Iv n j altitude ui!l be fotuul ft be 39 dei;,, and his jnmuth deg. 
lif'm the fouth towards thenefb) tr neail) M^by S. 

2. At Loudon on the 241!! of Apirl, at nine o’clock hn the 
morning, required the point of tlie ecliptic whkljb is the 
fionageiimal decree, its altitude andarimuth, th^ point of 
the ecliptic wh^ch is the mid-heaven, dec. dec. i 

5. At Liinoiick, in 52 deg. 22 min. north latitude, on 
the 15th of Oi^lober, at five o’clock in the afternoon, re- 
quired the point of tlie ecliptic which is the nonagefim^l de* 
grer, its altitude and azimuth, the point of uic ecliptic 
which is the mid-heaven, dec. dec. ? 

4.. At Dubliot tn latitude 53 ddg. 21 min. north, oo.fhp 
Rfl^th of January, at two o’clock in the afternoon, required 
dbe kmgitude, altitude, and azimuth, of the nonagmimal 
degree ; and the longitude and akitude of the medium ct;^, 
dtc. dec. i 


Problem XCIX. 

TJh*Mkvde ^ w fhctj day th$ ami $ha fsjr- 
i thir wib tht aUitadf and animUih ofa^M^,bHng£ivcn1^ 
tojindthejlar. ' * 

Hole. Bkvate the pole fo maiiT degrees, abu^e. the ho- 
rissim asa^0^[t||^o the latitude of the place andlcflew tlte 
qmibant ^ on .the braft meridian qyar Aht hti- 

|u4e,; place in the iKdiptic., Imn^ 

btAb meiidiapr wi fet the index of » 

then, if the given time be bcfoie iidon, tvatti thegWle^i^Uiir 
I vard 
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ward till the ind^ pa^i^d -over a« many hours as the 
time wants of i.oon ; but» if the time be paft noon, turn the 
weftfaard till the iudex haa paffed over at many hours 
as the time is pajj^ ; }cf the globe reA in tkk pofition, 
and bring the dieifion marked o on the quadrant to the 
gWen aaunuth on the horiaon ; then, immediately undi*r 
^iven altitude pn the graduated edge of the quadrant, 
yo i will find j^he ^r« 

KxaMPLBs. I. At Lotidon, on the aift of Dcceinbci, 
at four o'clock in the morning, the altitude of a ftar wa** 50 
and Its azimuth was 37 d^g. from the fouth towaids 
the caft ; required the r imeof the ftar i 
Dencb, or /S m thr Lion*s t ul. 

2 . altitude of a ftar was 27 deg., its azimuth 76^ 
deg* from the fouth towards the weft, at eleven o’clock in 
the evening at London, on the 11th of May; what ftar 
was It ? 

3. At London, on the 2 1 ft of December, at four o’clock 
in the morning, the altitude of a ftar was 8 d^., and its 
azimuth 51 deg* from the fouth towards the weiT; req'uaHl 
the name of the ftar ? 

4* At London, on the sft of September, at nine oVlink 
in the evening, the altitude of a ftar was 47 deg., nAd ill 
^imutb 73 ueg. from the louth towards the caft ; reqaiied 
(me name ^ the ftar i 


PaOBLZM Cm 

ToJlitJ'iie time efthe mo6n^s fauthingm Ir ceming to the merU 
Man on anygiwnday of the mtmtL 

Rvi'Zr Elevate the pole fonaanj depM above the bo# 
liiop as ripe tami to the htstudet ot th* givtn place | ftud 
the modik’s V0tude dod hmgi^de, or her right 
and de^finktion, from an ephemeris, and mark btf 
Ate gldbe f bring the fun's place to the brafs meiaaiaa« and 
ift tSf^Aez of ttiehour dtcle to it ; turn the pdbo weft* 
wrifdra[ the moon’s place comes to the meridiaoi and the 

hours 



$10 piLOBitKs fitklUiC' 

houn paflM owt die iiviUtt fteit^'tlie tSaibO fiepiiMNMi 

when the mooo wiO be upoii the «neridiaa» 

Or» without the olobb* 

Find the moon’s an by thetabk, at pa^ 249. which 
multipiy by 81 ^9 and cut off t«ro $giires from the right 
hand of the pruduift9 the left hand figures wjH Idf the hours; 
the right hand figures muft be multiplied by 6O9 for miautet. 

Ob, coEEECTtr» thus : 


Take the difference between the fun’s and moon^s right 
afeenfion in S4 hours ; thent as 24 hours <hmim<hed|J>y Uiit 
^fferenceistoaiLhoursy fo is the moon^s right ifeeraonat 
aooDf dimiiiifliea by the fun’s* to the time of the moon’s 
traniit* 

ExAMrnBS* 1. At yrhat hour* on the 12th of March 
ifioji did the moon paft over the meridian of Greenwich I 
l^he moon’s right afeenfion being 136 deg.48iiUA.t and her 
declination 14 deg« 40 mio< nortli* 

r Miffwr. By iArW 4 A«-'rb« tnoQii cam to the rntfuBn st diprfi 
4uart«ia pi(t nine in tot evtaing t* 

B% ThAk JP«jrS 49 >— *1 he moon’s sge is 15 ; this moltirilrirhy fit/ 
jWMucts 1033, tnat is, 10 hours ind 53 over; thii539 tiinli^p8ee hjfr 
io, products 3180, which by rtfediiof the mo nght hnii fi|ira» Imvef 
3S minutes ; fo that, hy this raechod, the moon comes to the stifrhto et 
31 mmutet pttt 10 o'clock m the evening. 

Jk ^utgikt ^ 

^Sunf ri[^t afteafion fE nm zsth Mtfch ?= t3h,a8’ 10^ 

' X>ii» . ' • xsdtbiaEll 3^ 

IhCMsIsflfmotieiilBxaheuis • - o ^ 40 




Tif 3 U 


InaeaCeiiUlms 


It 59 •qual 


f6''; lifiice 51^56^' ^nUM^y 9* 40*^1 loavM 4B* 16*^ tke 
qi«l|M/6iioN4i tlM te*iiii, H^mi* 

^ dfht ateital 156^4^ X 4 35 * aT 

^ ti %t S 9 


9 5 * a* 


a j**— (45' x 6 ' ) - 44' t : 0^ 3 f' » 9 ^ 5 *' the tree timt of the moon's 
yafl^e over the mendian in the eveniiig» agreeiiig eeattly with tile Nau. 
ticalAimmac. 

3 . At what hour, on the tjth of April <Bd the 
mooa Mb over tlie meridian at Greenwich i The moon’s 
right alceirikMi being 218 deg. 26 mm.| and declination 20 
deg» fonth* 

5« At what hour, on the 5tK of Fthniary i8to, wiQ 
the moon pab over the mendiaii of Greenwich i T%e 
moon’s right afeenfion being idt deg. 9 min., and deefi* 
nation 4 deg. 48 mtn. north i 

4« At what biitr, on tlie 17th of OAoher 1810, win the 
moon pdfs over the meridian of Greenwich i The moon’s 
right mfeenfion being 87 deg. jt min., and dechnatioA 18 
.d^. 24 min. norths 


PaoaLfM Cl. 

Tkedi^of tjk jmmttif lafitude of thfplati^ and iUne if high 
HMUet ai^ibofi^aad 4 dMnge f iSe moon Mf^tveo^ to 
JM$h 0 tmt ofingh mmier on ihegivtn day, 

Rvtn. JBnd dm time at which the moon coiret to the 

■S!*“ **^J?‘¥* Jfe« 4 »g to 
w& icfa itUfoetiiM •£ utfli water .t Hie gtft^ phee at tbc 
Mi aM rtaltlt OMedoen ftalbfa fa^the IbOj^jaia, 

"V •i 

a 11 i i Q m il ».w p , 






♦ Mffcw a. irn't'im, HfCiBtM OfWWW tfaMlbtfWwmf^.<|| h 
OitmamAt, aoiimitt muft he alM wtli<* moon's «i|ht steendsa bsloro 
vsmliib3set 

Table), 


3|a FROBLl^lilia »V 

Table), and the futo wiB (hey^tha tikoe of t&skmter in 
thi afternoon* If the fum facea|| 12 hours, Tubtiaft 12 
houn and 24 mimites from tt, and the Temainder will ihew 
of high water in the morning ; but if the fum cx- 
ci^ 24 hours, fubtra^ 24 }i9ut« and 4!^ miahtea froaiat» 
ai^tht lemai^der will Ihew the tiitw oi hrga wOtcr id the 
afll^ooh. 


Oa, BY THS TA%V1S$ rA<9E 24$ 

find the goon’s age bv t|Le^^Uc, at page 249, at d 
take out of the time from the n^t hand column thereof, aii- 
fwtiiig to tlic m<K i*sage ; to 'uinch add tlic t me of high 
wadtr at the full uud change of the moon f taken from the 
faSowing Tabte), and tlie (tim laiUihew the umeof high 
water ia the allfsrrooii. If the fum exceed 12 hourSf ihU 
trafl 1 2 hours and 24 niiiiutLS from it, and the mnaiii^cr 
waU flu w the time oihigb waterm the morning ; but, if 
the fum exceea 24 hours, fubtra^^ 24 hours and 4^ mi^ 
antes front U, and the lemamder will (hew the t4meoi high 
water in the afternoon. 


Or thus i 

Find the time of the moon’s coining to the meri^an of 
Greenwich on the given day, at page VI. of thn^ufical 
Atmauacs t«>kc out the corrtdion (frm the folldwmg 
Table ) to ircfi < nd to Uiis time, ^hd a^y It a« the Table 
; to tl ^ refuh add the tnme of high water at the full 
M cliange of the moon (taken frons^e fcdlowing 
atfdT th^ ium will fliaw the rime bf'BIflb waieb id 
ternoon. If the fum exceed 12 or 24 hours, proce^aa 

dechuatiott 14 deg. 40 mm. north. 



£^. 41 . Ta« It} 

fbe GUU —The soon came Co the cmwiilnf at ak* 
vatcretthc IMt jh t rh a im at JUmfem * 30 


W 


Suhinft firom It 


, *» 45 

I 

• 

tno0n*a age was t3,4)c^%M'aijfW4riiiAto 
which, m the ftiQo Table, it « • tP^53' 

'Simtoffig|bw«motllkiM«ldihaoi^ • ' ^ o 


ef h^wUCtf auMm 




Stan 

Subcnftfrom !c 




Tima of hieh water ill the mcMuiig 


jia 94 
X 99 


fiy j 4 eJVtfitfw«/il/weMt<-«>The moon came to the meiidiaiiaihf^lS^ 
& time tan the nghi,han<Vahk following, anrwei)|||jto ^ sVt 
m mtlief 10 hours, M • - • .034 


*Sifin <• • 

Tta el h^ mer at Itatea m jSie ftA and change 


Sura • 
SubtriA hromit 


Time if hUi^ the mondng ^ 


xo 33" 
3 P 

X 3 33 
X 3»4 

^SB 


er. IUii^odtatmieoflii|rhwttcrat HnHon 
of Mijr x8ip i the mpon’e itmt nfceofioo being 
31 mm* and her dicliiudipn 16 dw* 3 min. Iqndi. 


3« Required the tinil of h^ watee 3t Lirefpool Ai 
t]j|i}diflfJ«iiexS|p? Tiienom'«?i^liJcawMbmg 
a^i Sw. I ^.ipMl lier 17 dcf^ ij ana< 

(wall, 


ilfca 






•*#1 





emuett M*Mr« 
Iff tffw k Hnnhewi 



tWMMa YmarOtMlB BY 






4. Required the time ^Jhigli mter at Limerick on 
l 3 ie iath of Aiiguft tSio f TlBJBom’t v^it afeewfinn be- 
deg. 18 min» and lier dech'iiation 18 deg. 17 min. 

f'i. Required the tinw of hijgh water at Briftd oa the 
ei September i^e i moon*a right afeanfiaa be. 

ing tpi d(gp<a5 auB.y and her dediaptiDn 4 dqg. iS min. 
Cauth. 


, 6. Reqahed the rime of high arater at I>ublia on the 
*5tb of Deoamber i8to f The aaeop'a right aibenfinn beiqi^ 
<*| 4f ^ dwHiatiew 4. dqg^qS mia. 

iWith. 



Cbtf.ll 


TH»i 















nmmLwmM #nMtiREO by 


fmfflU. 




pkdBiBic cn. 

To Je/crite ihe mppareni tmA of my pfonet^ or of u oomet, 
amonj^ fbe fxedJUn^f &/*• 

Ot«w a ftnoght line 0» Qf to Teprefent the eohptic, 
and dti^ it tuto any conTenient iminbrr of eoua] paitb. 
fietdffcwhtof tbo& equal tuntt northward and umthward 
of the at each end thereof ; and draw Hiiei aa in 

the 4ffiire rate V, thefe wiBreprefent the zodiac* Find 
the pumet^a geocentric latitude and longitude in an epheme* 
risy or in the nautical ahnaniCy and mark itb place fore\c]ry 
tnoathf orfor feveral daya in each monthy begmnuig at the 
l^^handofthe ediptic line, and proceeding towms the 

Find the latitudes and longitudes f of the priociptf ftars 
in the feveral conftellations near which the planet pafes, and 
1^ them off iaa funilar manner from the right hiadtowards 
the left; you a ill thus have a complete piftureof aary part 
of the heavens with the pofittons of the feveral ftars, ftc* 
as they appear to a fpedlator on the earth* 

EiAHfLSf Delineate the path of the planet Jupiter 
ficnr the year i8ij( ; the lalitudet and longitudes heiug as 

fnll w 

WWWW* 


* The^ouas Student villiscollsft,thst thit Bart appear la a cen- 
frwy oidei ia thn heave'* to wbit <^•1* oa the fhiwce o£ a gbibe 
In the heavena we fte the coafiiae wrr, on t|ie |^e the cosmk. This 
taanaer et dulmvatma tne itart will be Ibuad cstrsmcly and adil 
tushie the ftadsm to kum thea mu&m and nlactsiooiinr ihsa he the 
dbhs. 

f the phets o £ the Itirs may hUwde be h*d doao by thehoflt «£• 
tanfioiuatrldlKliQatioha, by iriuiii|a ponaon eftbe e^noftiairnBiart 
efthv erhftir. 


Lew- 




Ciuf.ll, 


rnu CMiltnAt' 


S*T 


Longitii<«s. LttitiiAM. liW i g m iJ w . Lwiiii<«>. 


Jan. tft l'2i«45' oP 57 'S* 
Feb. 7th 12211 047S. 

» 25th 1 23 58 o ^ ft* 
March ill 1 24 29 0428* 

. 2jth I 28 10 o 37 S* 

April ift 12935 0368* 
— ***> 2<th 2 4 30 o 32 8. 
May lit 2 5 49 o 31 8*. 
i3t1i 2 831 o 30 S. 
2nh 2 11 17 029 8. 
Joneitt * 2 12 54 o 28 S. 

— 25th 2 18 27 o 26 S. 
July 7th 22149 025 8. 


Atigt 7tb 2 27 36 o 23 S. 
xpth 2. 29 4ft 0228. 
25th'3 o 48 o 22 ft. 
Sept. 7th 3 245 021 8. 
I— 450 atiS* 
OA. 7th 3 544 oaoft* 
— ~2jUi5 615 <2x98. 
Nov. xft s 6 lOr o 18$. 
19th 3 5 11 4 17 S. 
25th 3 4 4a o 16ft. 
Dec* 13th 3 2 34 o 148. 
— 25th 3 o 57 o 12 8. 


Jupiter’s patb> when delineated^ willapMar fonthbf t^e 
ecliptic in wc order A^ 15 ^ O9 D# £» Ff Of Nt. 
planet will be at G on the zythof Aiiguftf andwlliappeara 
fittk to Uic right band of the ftar mdi ked«f in ptnuni 4 w^en 
it arrives at H* which will happen on the 25th of Oooi^f 
it wiU apparently return again to Gf a fmul matter jtbovc 
its former palhf where it will be lituated on the t^ik of 
December. 

In the fame manner the places and fituations the ftars 
may be delineatedf thub Aldebanuif the principal ftar in 
the HyadeSf wUl be found by the Globe^ fora propelr ta- 
ble) tabu fituaUd in 7® of u and iu 5i® of Wh ; 

Betelfevu in Orion’s right (liaulder, in about 26 of n and, 
in offottihlatitudef and itspUcr luav be laid down on a 
mapbyextenduigthe ofiulongitudef asfibinL» t 31 it 
inem a ibmtghtiue {raffing through i$» 16* onthefidesof 
the map: la the fame manner any other ftwKa fitoation^ 
ttM he deicribedf thus the Hyades will appear at Qf Ike 
blades at P kc* and BeOatxia kc* as in the &gqre. 


^3 




( 3 ** ) 


PARTIV. 

•H 

COitTAIirilftf 

I. ji prmi/eiWiS CMiHon of Ex^mphlt exercifit^ Pbf Pro- 
bUmo on ibe gtihes,--- 2 . A colk^ion of (lue^toni^ wth Re^ 
fermeesto the Pngu whtreihe Anfwers wUlbefound ; de- 
Jigned as an AMant to tbi Tutor in the Euaminaiijn of the 
ScMar^'--^^. A TuhU of the Latitudeo and JLonj^udes of 
the Principal Places in the JVotld* 


CvAFTSA I. 

4f bromfeuoui Col/eGion of Examples extreifing the Pfoflem 
on tie Glohesm 

X .^TTHAT day of the year is of the fame length ■sihe 

V ▼ t4th of Auguft f 

2 . How many miles make a degree of longitode in the 

llititude of JLi(bv>ii ? 

5. At what hour is the fun due eaft at London on Ae 
5th of May ? »i ' 

4. There U a place in the parallel of if deg. of noigh h- 
tttude, which IS 31 deg. didant from London ; ^liKt*^plai:e 
ieit 

5. If the ftin’s meridiaii altitude at London be jo deg., 
what day of the months and what month is it ^ 

6 On what month and day is the fun's meridkn pl^lstde 
at Paria eqiH|l to the latitude of JWs ? ^ 

9^ Wbea y^Dtaconis is vertical to the inhabitapti ofLop- 
don at ten q'clock at night, what day of the mouthy 4 ||i« 
wbatvinofithii jt ^ ^ 

< S VfhH iatha eqitttieii of lirndnependtat an tlaaelbti- 
^uity ofihe ecliptic on the I4tb of July f 

9* I Ob* 
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9. 1 obfenred the pointm iathe Great Beary on the me« 
ridian of LoAdoii» at eleven o’clock at mght f in what month 
and on what night did this happen i 

10. On what day of the mondi» and in what monthi will 
the ihadow of a cane placed ^rpendicular to thehotizou 
mt Xd HwiMii at ten o’niack in uit DioniiDg» be eza&ly equal 
in length to the cane } 

ii« The {^udth goea round the fon in 165 daya 6liourt 
nearly) how many degrees does it move in oneday» at a 
me^um ? Or, what is the daily apparent mean motion of 
the fun i 

la. The moon goes once round her orbitt from the firil 
point oi the hgn Aries to the fame again> in 07 days 7 
hours 43 minutes 5 feconds $ what is her mean motion in 
one day ? 

13. Tlie moon turns round her axis, from the fun to the 
fun again, in tg days 13 hours 44 minutes 3 leconds, which 
is exaAly the time that (he takes to go round her orbit 
from qew moon to new moon ; at what rate fer hour 
the inhabitants (if any) of her equatorial parts carriedl/rr 
hour by this rotation i The moon’s diameter being 2144 
milei. 

14. How many degrees does the motion of the moon ex* 
ceed the apparent motion of the fun in 34 hours i 

15. The day of the month being given, it is required to 
fiad thevDoon’s longitude when (he is eight days old I 

i6r T^^^ngin an unknown latitu&I found, by chance 
an edd bmiaentaTdial ; the hour-lines of which were fo de» 
faced-^ time that I could only difcover thofe of IV and 
Vf and: found their diltaiice to be cxadlly 21 deg.$ pray 
what latitnde was the dial made for I 

17« Required the duration oftwilight at the fottth pole? 

Hqwiv muft an inhabitant o 7 London travel foulh* 
ward to lofe light of Aldebaraa ? 

ip. What is the elevation of the north poUr Rar aj^ove 
thy noriaoo of Calcutta f 

^20. Lord NeUbn beat the French fleet near latitude 31 
deg* 11 min^ north, hilgittide 3<^deg» aa poiut 

out the place on the g^obe i 

^4 in.Whar 
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21. What is the fun’s attitude at three o’clock in the 
afternoon at Phikdelphia on the Tth of Maj ’ 

22. What is thelengthofthedayaeJLondofiontheeiftli 
of JFOlyy and how inan7 domes muft the futt’s dcdiiiattdn 
be diminiftied to make the day an hour Aorter t 

23. At what hour does thefun firfk make his appearance 
at PctcHburff on the 4th of June ? 

24. At what rate fcr hour are thehAdliitants of Botany 
Bay carried firoin wm to eaft by the rotation of the earth 
on its axis ? 

25. When Ardurus is 30 deg. above the horiaCfft oi 
London^ and eaft ward of the meridian^ on the 5th of 
vembiMT, what o’clock is it ? 

26. Defcribe an horizontal <fial for the latitude Cf 
Waihln|^on ? 

27. jDefcribe a vertical dial facing the fouth^ for the htU 
code of Edinbargh } 

zt. What is the moon’s greateft altitude to the inhabit 
tantsof Doblito f 

29. What is the fiin’s great t meridian altitude at the 
foothem extremity of Pathgonia i 
so. At what hour at London^ on the 15th of ifLuguft^ 
wifi the Fleiadei be on the meridian of Philadelphia t 
ji . If a comet, whofe longitude was 4 figns 5 deg., land 
ktftiide 44 deg. norths appeared hi XJiia Major, in whaf 
part of the conftelbtioii was it ? ^ 

32. On what point of the compafs does the fun fti at 
Madnd, when conftant twilight begins at Loadm^ 

23* Wlwt M the diftience between duration pf'twi* 
at Peteriborgand Gidcutts^ onthe firft of Fehnsary i 
How much longer m the loth of December 
dMtibim I* Aiedmn^ 

Ifg. How much longer is the 5th of May it 

^an is Mi dwrf? 

^ y6. Wlimiis<ntiw>o*dcdkiQ^aftariicmaid 
mtahte sjftkwfttruary, 4 o what phu^es 






^7. ^^ethcr doe$ tlw fiw Abe 

anilMNr fitt’f 


OF REftCtsts ev rnn olobkf. 


(Hap. t. 




30* At what boor on tlie fSth of April wiU the Ata’t al* 
titude aad aztmutfaf from the eaft towam the fi>ath| be 40 
deg. at London if 

3p. Whieh way muft a fhip fteer from &10 Jmeuro to the 
Cape of Good Kope ? 

40, Are the clocks at Pbiladelphta fafter or flower than 
thofe at Xioodoof and how much I 

41. Are the elocka at Calcutta fafler or flower than the 
docka at Londoir, and how mach ? 

4a. What h the diflerence of latitude between Cop^r. 
hagen and Venice ? 

43« There is a place in latitndb 31 deg. f I mm., north* 
fituated* by an angle of podtsoa* fouth eaft by jmft ( eaft 
from London 1 what place ib that* and how wis it from 
London m Enghft miles ? 

44. On the 13th of February rSto^ the Uttitiide of 
Vem will be 10 toe 16 deg. m mb** htkudirt dog* 9 
non. fouth; wtO venui rife mfm or af^ (ba» ^ 
howmudi I 

43* On the 7th of December iftio, dte Icmgitiide bf 
Venua wffl be ^ fijms 14 deg. jz mm^p latitude t deg. 4a 
mm. feudi ; wUI Vemu nfe bmre or after the fun* am 
how much ? 


ndiMa, tod fSrt at London ? 


aadt^bour and ammuth, whm ftm mfftdcg^dbomthc 

48. llM]iioon*fIongitndeoii the 5th ofHbvcdftee 
atmkWiifowiSbe riligmftdeg»a4mfa»*]tttaid^^ 
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node will be 6 figns x 6 deg. 42 min. ; where will the defces- 
ding node be ? 

51. The moon’s declination on the 5th of November 
1 &E 4 will be 17 deg. 50 min, north ; to what places of the 
earth will fhe be vertical ? 

52. What (lara are coiidantly above the horizon of Co- 
penbagen ? 

-55. I obferved the altitude of Bctelguefc to be 19 deg. 
and that of Aldebaran 40 deg. ; tliey both appeared in tnc 
fame azimiuli, viz. exactly ead ; what latitude was I in ^ 

54. In what latitude ia Aldebaran on the meridian when 

Itki the IJon’a tail is rifing ? ^ 

55. In what latitude ia Rigel fetting when Reguiusis on 
the fneridian ? 

v$6. In what latitude are the pointers in the Great Bear 
on the meridian wlien Vega is riiing ? 

57. In latitude 79 deg north, on the id of February, at 
what hour will Procyon and Regulus have the fame altitude I 

58. At what hour on the loth of Februarv will Capella 
axio Piocyon have the fame azimuth at Loncfon i 

59. On the loth of November at eight o’clock in the 
evenings Bellatrix in the left (boulder of Orion was ridng ; 

was the latitude of the place ? 

. 6o. Op llic 16th of February, AriSlurus rofe at eight 
o’clock in the evenitig ; what was the latitude ? 

61 . At what hour of the night, on the 1 6th of Februar}*, 
wili the altitude of 'Regulus be ad deg. at London ? 

Required the wtude and azimuth of MarkaSi in 
Pe^fusj at London, on the aid of September, at nine 
o’wck in the evening ? 

On wliat da)r'of the month, ^ and in what month, w'ill 
the pointers of ^ Great ^ear be on the meridian df^on* 

£ 4 . What inhabitants of the earth have thegreateft 'por- 
of moon light i 

Oh what day of the year wHl AJtair, in the 
to the fneridii(n,pl London yrith the fun ? 

In what north " is tbelength haigeft 

times l^at of the (horteft i 

Of' In what Wnide fouth is the longed day eighteen 
hours i 

68. At 
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68. At what lime docs the morning twilight begin, ar*<I 
at \vh iL time does the evening twilight end at Philadelphi?, 
on the 1 rth of Januaiy ? 

69. When It is four o’clock in the afternoon atLondor., 
on thcjth of June, where is it twnlight ? 

70. Required the antipodes of Cape Horn ? 

71 . Required the periaci of Philadelphia ? 

72. Required the antoeciof the Sandwich Iflands ? 

73. What is the angle of pofition between London and 
Jerufalem ? 

74. Required the diftance between London and Ales^an- 
drhy in Englifli and in geographical miles ? 

74* In what latitude north does the fun begin to ‘'fliine 
conilautly on the 10th of April > 

76. How long docs the fun (hine wdthout fetting at the 
north pole, and what is the duratiou of dark night 1 

77. Where is the fun vertical when it is midnight at 
Dublin on tlie 1 5th of July ? 

78. When it is five o’clock in the evening at PIuladeL 
phia, where is it midnight, and where is it noon i 

79. What places have the fame hours of the day as Edin- 
burgh f 

80. What places have oppofite hours to the refpec- 
live capitals of Europe ? 

81. At w'hat hour at London is the fun due eaft at the 
time of the equinoxes ? 

82. At what hour at London is the fun due eaft at the 
time of the folftices ? 

83. In ivhat climates are the fdlhming^|>laces fitnated, 
via. Philadelphia, Madrid, Drontbeim, Trincoottld, Cal- 
cutta, and Aftracan ? 

94- On what day of the year does RegoloB rife beSacally 
atlAmdon i ^ 

85. On what day of the year does Betelgueft Ud hclia* 
ctSif at lioodon i 

86- What ftara fet achronically at liOndctt oft tMft 
6^Decttnbe^^ ’ ’ ; 

^Ws rifeachronicany ft^liosidoii oil tfiO fra 

96 fl, fii 
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88 . lowbat latitude oorth do the bright ftm 10 the head 
of the,SbIphin» and Ahair in the Eagle* rife at the Dune 

89. to what latitude north do Capella and Cafior fet at 
the iame hour* and what is the difference of time between 
their coming tothe neridhm ? 

ffO - What ilars rife cofinically at London on the 7th of 
Xwember ? 

What ftars (tt cofmically at LendoB on the lotb 
^Secember ? 

M. What degrees of the ecliptic and equinoctial rife with 


Awbaran at London i 

93. On what day of the year does Arftiirus come tethe 
meridian of Londoo* at two o’clock in the morning ? 

94. On what day of the year does Regtrlus come to the 
meridian of London* at nine o'clock in the evening f 

95. At what time docs Vega iij Lyra* come to the 
ridran of London* on the i8th of Auguft ? 

06m Trace out the Galaxy or milky-way on the celeftial 
gitme ? 

97. Ff the meridian altitude of the fun on the 7th of June 
he ^ deg»9 what is the latitude pf the place ? 

98* Required the fun's right and oblique afeenfion at 
XMdoo at the equinoxes ? 

99# Required the fun's right afeenfion* oblique afeenfion^ 
alcetifioual differciice» and time of rifing and Cettiog at Lqa- 
don* on the 5th of Muy ? 

iQO^ If the fun’s rifing amplitude on the 7th of Ju^be 
A4 deg, to the northward of the eaft* what is the latitude 
of the place i 

tOi. What ftars have the followings degrees of«gbt af« 
cttiffont nndf dec%at ions } 
y 10' B.A» W 4S D,Naij6a® 49' R. A. 6a® 

14 38 R.Aj 54 33 I>*Nl|a44 17 R.A.a| 58 
iM 'i9 R-A MQ I>.N,i|23^ A7 R#A,i9 15 IXS, 

Ida. Dcfcribe an horizontal fun*dial for the l at itude #| 


Edkbuigh> 

• W TIs 


lat i» tlieleiigtii of tbe'dar «» Kfcrmiix 


fTy 


^a.T.iP 


^40 (me tlte day ab hour longgr'} 


Mf. 'Wbat 
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104. What horn it it at London when it it 17 minutes 
paft m the evening at Jemfalem I 

105. On the 21 ft of June, the fun's altitude obfer- 
vedto be 46 deg« 25 mm« and his azimuth 112 deg. 59 
itiin. from the north towat^t the raft^ at London ; what 
was the hour of the day ? 

106. Given the fun't declination r*j deg» 6 min. norths 
and iiicFcafing ; to find the fun's longitude, rigFit ufeenfion, 
and the angle formed between the ediptic and tbe meiidiau 
paffiag thsough the fun > 

107. Given the fun's right afcenfion 134 deg. 54 min. 
to his longitude, dedination, and the angle termed 
bet^MB the ediptic and the meridian paffing through the 
fun ? 

108. Given the fun’s longitude 17 deg. 34^111104 in b i 
to find his declination, right afconlion^ and tneanglb formed 
between the ecliptic andahe meridian paffing through t!tc 
fun ? 

109. Given the fun's amplitude 39 deg. gc min. from 
the eaft towards the north, and his declination 

north 5 to find the htitode of the place, the time of the 
fun’s nfiiig and fetting, aad the length of tlic day and 
night ? 

110. At what time, on the firft of April, will Arfturus 
aj^pcar udoii the 6 o’clock hour^line at London, ind what 
will his mtitude and azimuth be at that time ? 

til. Required the akitude of the fun, and the Hour He 
wffi appear due eaft at London, on the 20tb of May f 

112. AtwhathouTB wtllAr&kirua appear due eaft and 
weft at London, cm the 2d of April, and what %ill its aU 
titui^be’ 

tj}. At London, the fun’s alritnde mft obfeiired €o be 
2 f deg0 30 tnio. when on the prime verocali rerj^oiaed 
decbiii^tkiBa aad the hour of the day ? 

114. Qnthead^ April moonfs 

iirillbe izS deg. 1 min., andber.d&liiunlQa 
14 deg. 43 min. noith ; required her diftance fitwa 
gui^ wcd^Betelguefe^ at ttat timei 
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115. Tlie diftnncc of a comet from Sirius was obfervecl 
to be $6 deg , and from Procyon 51 dt*g 6 min. ; the 
comet was well ward of Sirius ; required itii latitude and 
longitude ? 

116. On the 29th of January^ in latitude 53 dog 24 

mfh norths Rnd longitude 25 deg. iB min 14 hours 

58 min. by a watch well regulated ; the altitude of Pro- 
cyofi was 19 deg. 54 min., aud that of Alpliacca \va.s 42 
deg. 9 mill » as oblervcd by two fcparate pcrfons ; A 1 -. 
ph^ca was *0n the eaft, and Procyon on the weft of the 
meridian ; was the watch too faft or too flow ? 

ny. The declination of y in the head of Draco is 51 
deg. 31 min. north ; to what placcb will it be vertical when 
it comes to their refpoAive meridians i 

X18. When it is four o*clock in the evening at London 
on the 4th of May» to wliat places is the fun rifing and fet- 
tingy where is it noon and midnight, and to what place is 
the fun vertical ? 

1 19. At what time does the fun rife and iet at the North 
Cape, on the north of Lapland, on the 5th of April, and 
what is the length of the day and night i 

ISO* At what time does the fun rife at the Shetland 
lilands when it fets at four o’clock in the afternoon at Cape 
Horn? 

xai. Walking in Ken (ington Gardens on the 17th of 
May, it was twelve o’clock bv the fun*dial and wanted 
e^t minutes to twelve by my watch ; was my watch right ? 

112. If the fun fet at nine o’clock, at what time dots it 
rife, and 'what is the length of the day and night i 

1 Jg. Where is the fun vertical when it is me o’clock in 
the morning at London on the 1 5th of Mny ? 

114. At what hour docs day at London on the 5th 

iR5« If the tii6dii be five days old on the firft of Ju(tie> at 
whst time does^lhe rifrf culminate, and fet at Londoji t 
xk6. On what day of the month, and. in wfikt monthi 
does the fun ii£t ^4 deg« to the north of the eaft at Lon% 

I^sy. When the fun it rifing to the Inhabitanta of London 
tt ^ fith of May, whcif it st letting ? 


128. When ^ 
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138* Whtn the Am » fcttmg to the inhabitants of Cab 
citUa oa the 1 8 th of March, wlure is it midnight i 

129. What is the difference between the circumference 
of the earth at the equator and at Peterfburg, in Eoglifh 
miles ? 

1 ^o. At what hour does the fun life at Barbadoes when 
coriftant twilight begins at Dublin ? 

When the fun is rifing at 0 *why*hceo« the i8th of 
May, where is it noon ? 

. 13a. At what hour does t]»e fun rife at Loti^don when it 
fets at feven o’clock at Peterfburg ? 

How high is the north polar liar above the horizon 
of Quebec ? 

1 34. How many Englifh miles mull an inhal^itant of 
l^ondoo travel fouthward, that the meridian altitude of tlie 
north polar liar may be diminilhed 25 deg« i 

13$. How many Englifh miles mud I travel wedivard 
from London that my watch may be feven hours too fail ? 

136. What place of the earth has the fun in the zenith, 
when it is feven o’clock in the morning at London, on the 
zfthofApril? 

137. On what day of the month, and in what month, is 
the fun’s amplitude at London equal to onc*tbird of the 
latitude ? 

138. On what month and day is the fun’s amplitude at 
London equal to the latitude of ICiiigilon in Jamaica i 

139. I Abe moon be three days (Sdontlic 17 th of Fe- 
bruary, what is her longitude ? 

140. If the higheft point of Mont Blanc be 5101 yards 
above the level of the fea, what would be iu altitude on 
a globe of I S inches in dian^er i 

141. If the polar diameter of the earth be to the eowto- 
rial diameter as 229 is to 230, what would the polar 

ter of a three inch globe be, if canftru£led oa this pxinci- 
pfc ? 

S41. What mhaMtantsiof the ea^ inihecouti* otia 

hours, will be in ^ j&me Atoation aatlieir i^utipodet i 

143. On what day of the year at London is the twilight 
eight boors long f 

. ;:> 44 *.A? 
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144. At what time docs the fttn irife (ind fet'&t Lotid^, 
when the inhabitants at the north pole begin to have dark 
night i 

. At wfiat hour doe^s the fun fet at fhc Cape of Good 
Hope wWn total darkiiefb cMids at the iiortii pole ? 

146. What is the moon’s longitude when full moon hap- 
pens on the 5 th of April ? 

147. Docs the fun ever rife and fet at the north pole ? 

J48. At what hour of the day, on the 15th of April, 

will a perfon at London have liis (Iiadow the fhortell 
pofSble ? 

149. If the precefBon of the equinoxes be 50J fcconds 
io a year, how many years will elaulc before the conftella- 
tion Anes will coincide with the foifiitial colure ? 

j^o. li the obliquity of the ecliptic be continually dimi- 
nilhmg at the rate of j6 feconds in a centuiy, as dated by 
feveraT autbors, how many years will elapfe from the firft 
of January 1805 > wlicn the obliquity of tiie ecliptic was 23 
deg. 27 min. 52. 8 fec.9 before the ecliptic willcobcide 
with the equator f 

ifi. Required the duration of dark niglitattbe fouth 
of Ifova Zembla ? 

152. When conftant twilight ends at Petcrfturg, where 
IS the d«ry 18 hours long ? 

153. At what hour does the fua fet at ConftantiiK^le 
when It rifes 1 2 deg. to the north of the eaft f 

154. Wliat is the difference between a folar and a ffAsxial 
|ear» and what does that diSStience arife fiom ! 

I|5. What IS tjie difference between the length of a oa^ 
tufsii or aftrouoniical day and a fiderudday^ and bow does 
the diffmoce ariCr ? 

256, Required the difierence l^tweeu the length of ^ 
Icogeft day at Cape Horn and at Edinburgh I 

157. If one man were to iTavel' eij^t mib a day wi^^ 
uncdiound.lhoeifthat theeq^^ andaiiotlmtwomuM 
a day weftwird round it in tlie latitude of 80 dm. tmktk 1 
hsluiw many daya would each hf them retuni to^e phot 
whence he fet out ? ^ 

of 1 8 feet in length be placed p>erpcndicidar 
to the horizon of London on the lythof July, and another 

exadly 
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txa&if of the fame bn|^h be placed in a fimilar manner at 
Edtnburghy which wilTcaft the longer ihadow at noon? 

159. If the moon be in 29 deg, of Leo at the time of 

new moon, what figo and degree will die be in when (he 
is five days old i . ^ 

160. What is the duration of conftant day or twilight at 
the north of Spitsbergen ? 


Chapter 1L 

jf CoIhBion of Qucjlionsy Rtfercnm to the Pages 

where the jdnfwers *wtll he fuund ; dtftgned as an AJfjiaM 
to the Tutor * tn the Examination of the Student, 


1, GREAT ClRCLtS CM THE TERRESTRIAL GLOBE. 

I. XXr hat is a GRFAT CIRCLE, and how many an? 

VV there drawn on the terruilrial globe ? {Defnition 
6 f pstgc 3 *) 

2, What is the equator, and what it its ufe ? (Def, 9, 
page ^.) 

3, What are the meridians, and bow many are drawn on 
the terpefirhd globe ? (Dr/, 8, oage 3. ) 


4. What is the firCb meridian ? (Df, io,jpage 3.) 

5. What if the ecliptic, and where i$ it iituated I 


pa 

o. 


are the colures, and into how many parts do 


they divide the cc%tic ? (D^, 42, page 1 1.) 


e Thaeah a refhrencc te Rhreii to the fMifes where die anfweri to tleh^ 
qfmikm may befcaad; yet, perhapi, it would be better lor the IliideDt 
not to laM the anfbim by hcjR, verbattm Cram the book ; bat to name 
an mfwet bWelf, fiora an ancative pwli^ td hh kObn : by which 
inetBf the andeiftndiof wiU he callH Into emcMt as weB as the 
memory. 

7. What 
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7. What are the hour circlei an 4 hew are they; arc drawn 
on the globe ? {Dff* 50, page 12.) 

8. Wbat hour-circle is called the fix o’clock hour line ? 

what « dta a«tmu«^ or wticaE ^urclei^ aad wm 
is their ufc ? (/>£/*• 43* page 

70 . What is the prime vertical i (Def, 441 page il.) 


II, SMXtZ. CIRCLES ON THE TERRESTRIAL GLOBS^^ 

7* V«^hat is a SMALL circle* and how many are gene- 
rnlly drawn on the tcrreftrial globe ? {Def, 7, page 3. j 

2, Wliat ate the tropicsi and how far do they extend 
from the equator, &c. ? {Dif, 15, page 6.) 

3* What are the polar circles^ and where arc they fitu- 
atra ? {Def^'iSi page 6.) 

4. What are the parallels of latitude* and how many are 
generally drawn* on the terreftrial globe? {Def. 17* page 
^0 

5. What circles are called Almacantars ? 39t 

page 10,) 

III. GREAT CIRCLES OK THE CELESTIAL GLOBE. 

1. How many GREAT cir-ces are drawn on the celef- 
tial globe ? 

2. The lines of terreftrial longitude are perpendicular 
to the equator, on the terreftrial globe* and all meet in the 
poles of the world'; to w hich great circle on the globe are 
the Knes of celeftial longitude perpendicular* and. on wbat 
points of the globe do they all meet ? 

3 . What are the colures, and into how many parts do 

they divide the ecliptic ? 42* page 11,) 

4. What is tilt eduinodtal* and what is its ufe ^ 9* 

}•) 

5. What is the ecliptic* and where is it fituated^ 

11* paw 3.) 

f is the Mk4wc, and . into bow many par s is 

it divided'f (i>^ 12. page j,} 

7. WhaV 
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7. What aretheiigns of the zodiac* and howarcth(^7 
marked ? {De/. 13* page 4.) 

8. Which are the fpring, fummer, autumnal* and win- 
ter ftgns ; and on wliat days does the fun enter them i 
{Dtf. ij, page 4.) 

9* Which are the afcending and defcending fignr^ ? 
{ne/. 13, page 4.) 

IV. SMALL CIRCLES OK THE CELESTIAL CtOBE. 

1. How many small circles aiT drawn on the ce- 
leftial globe ? 

2. What are the tropics* and how far do they extend 
from the eqiiincAial ? [-Def, ijf page 6.) 

3. What arc the polar circles* and where arc they 
fituated (/)^ 16, page 6.) 

4. What are the parallels of ccleftial latitude I {Dtf* 40* 
page 10. i 

5. Wjiat arc the parallels of declination ? {Df/^ 4** 
pageii.) 


V. THE BRASS MERtDlAK* AK7> OTHER ArTEKDAOfcS 
TO THE GLOBES* 


1* What i« the brazen meridtan* and how is it divi^d 
and numbered ? (D^. 5f’pagc 2.) 

z* What if the axis of the earth* and how is it repre- 
feiited by the artificial globes ? {Def, 4* page 2.) 

3. What are the poles of the world ? \Def. 4* page 2 . ) 

4. What are the tout circles* and how are they divided ? 


{Def* 18, page 6.) 

5* What is the horizon* and what is the diftinftion be- 
tween the rattonal andfenfible horizon i {Def, 19* 20* and 


z»* PSjre? J 

6. what is the wooden horizon* ar.d how is it divided ? 

22* p^7 ) 

7. W'hat is the mariiierf? compafs* how is k divided* and 

what is the ufe of it du tlie globe ? i^d note, 

pag'^?-) ■ : „„ ‘ 

8. Wliat 
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8« Wliat is the quadraet of altitude^ hovr is k divided» 
and what is its ufe ? ( D^/. 36^* page 10. ) 


VL Joints on* and belonging tO, the globes* 

E, What is the pole of a circle ? 28, page 8.) 

2. What is the zcmlh« and of what circle is it the pole f 
{Def. 26, page S.) 

3* Wliat is Uur nadir, and of wliat circle is it the pole ? 
(A/ 27, page 8.) 

4. What are the cardinal points of the horizon ? 

*3, pages.) .... 

5. W iiat ai-e the cardinal points in the heavens ? ( Def* 24, 
page 8. ) 

6. What are the cardinal points of the ecliptic ? 

25, pagetl.) 

7. What are the oquinodml points f {DtJ, 29, page 8.) 

8* What are the fallHtial points i 3Q» pBg<? 8.) 

What is the culminating {>omt ox a itar, or id a 
planet ? (/;./. 52, page 12*) 

10. What are the polt*s ot t!!e ec!iptic, and how far arc 
they from the pules of the world ? 


VII. LATITUDE AND LONGITUDE ON THE TERRESTRIAL 
GLOBE, THE DIVISION OF TKP. CLOSE INTO ZONES 
AND CLIMATES, THE POSiriONS OF *fHe SrHERI, THB 
SHADOWS, AND POSITIONS OIT THE iKHABITANTSMrtTU 
RSSeSCT TO EACH OTHER,' dCC. 


I. l$Vbat is the latitudeofa place OB she terreftiiiil globe ? 

^ IbngTtudi; of A pli^e on the tenreftrial 

globe? Oe/.p, psgeio.) 

9. What isi a zone, anu j 


ftftrud globe ? 


how many arc thereOO the ter- 


70, page 19.^ 

4. W iiat is the litoation, and what is the extent of the 
torrid zooc? {Dcf, 71, page 19,) 

5* Where are the two temperate zones fititated, and 
what is the extent of each i Dq* ya, page 19.) 

8. Where 
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6* Where are the two fr^id zoues fituated* and wliat is 
the extent of each ? (i>^. 73, page 19.) 

7. What ia a climate^ and how many arc theic on the 
globe ? ^9* *^*) 

8* Hare all places in the i'amc climate the (ame atmof* 
phencal temperature ? ( N<ai\ page 17.) 

9. How many different poiitions of the fphere arc there \ 
{Drf. 654 page 16.) 

10. What IS a right fphrrc, and what inhabitants of the 

glohc hare this portion ? ^9 a6; iec like* 

wife Proh. XXII. page 195. 1 

11. What 18 a pai^d tplicre» and what inhabitants of 

the globe have this pofition ? p^ga i6 ; and 

Pro^. XXII, page 195# &c.) 

12. What is an cd>lK)iie fphere, and what inhabitants of 
the globe hare this pofition ? (OtJ* 68, page 16 ; and 
Prob. XXII. page 195, dec.) 

13. What pautj of the globe do the Asirniicii in- 
habit, and why are they fo caikd ? 74* pa=ge i (}, ) 

14. When do the AMFHiscti obtain the name of As- 
cii ? 

i^. What parts of the globe do the Hmaoscii in- 
habit, and why are they fo called ? 75* P«^« ) 

16. What parts o f^die globo do nePiai sen inhabit, 

and why are they lb called ? P®f?® ) 

1 7. What inhabitants are called An toFci to each oth^r, 

and what do you obierve with to their latitudes, 

longitudes, hours, 8cc. ps^g^ *0*) 

18. Wliat inhabitants are caikd Perioeci to each otnor, 

and what is obferved nrith iefpe£t to thdviatitodes, K>ogi- 
tudes, hours, feafons, ficc. ? (/!*/► 7®, ao.) 

19. 'What ate the Antipodes, and what iaobfemed 

with nrfjpeft feq chek fedoof of the year, Icc. t iXkf, 79, 
page 20.) / 


2 


VIII. LAT- 
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VIII. I.ATITDOES AKD LONGITUDES OP THE STARS AND 

PLANETS ON THE CELESTIAL CLOBE«|^ ^C. TOGETHER 

WITH THE POETICAL RISING AND SETTING OP THE 

STARSy &:c« 

1. What is the.latitude of a ftar or planet i 
pageio.l 

3. What is the longitude of a (lar or planet ! {Def^ 389 
page 10.) 

3. What are the fixed ftarsy and why are they fo called ? 
( 23 //; 88, page 23.) 

4. What is a conllcllatioDy and how many arc there 00 

the celeftial globe ? 90» page 231 fee the tabicst 

page 24, 25,26, and 27.) 

5. What is meant by the poetical rifing and fetting of 

the ftars ? ( 23 ^. 89, page 23.) 

6. When is a ftar faid to rife and fet cofmically i 

7. When is a ftar faid to rife and fet achronicaily ? 

8. When is a ftar faid to rife and fet heliacally i 

9. Wliat is the Via Laflea, and through what confteila« 

lions does it pafs ? ( 23 ^. 91, page 34.) 

10. What kind of liars are termed Nebulous ? 9E» 


10. What kind < 

Pag« i\0 

11. How are the 


1 1. How are the ftarsy which have not particular namesy 
diftinguilhed on the celeftial globe i {Def. 93, page 35.) 

IX. DLPINtTlONS AND TERMS COMMON TO BOTH THE 


1* What is the declination of the fuiiy a ftar, or planet i 
{Dtf. page 5 *) 

a. What is an hemifjphere ? {De/. 31, pagv 9.) 

3. What ia the alutude of any objm in the heavent i 
{Drf 4J, page ii.) . ^ 

4. What it dMt meridian ahitude of the funi a ftar, at 
planet i 

j. \^t ia the zenith diftanoe pf a celeftial olyed t 
P«geii>) 

(.Whit 
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6. mat is the polar diftaiice of a celpftial objc A ? [D./. 

47f pase ii«) , 

7. What is theimplitude of a celeftial objcA ? 

489 page 12.) 

8. What is the azimuth qf a celellial obje£t I {Duf. 

49 » ’ 2 *) 

9. What is the right afcenfion of the fun, or of a flar, 
&c. ? {Drf. iOf page 20.) 

to. What is the oblique afcenfion of the fun» or of a 
liar, kc^l page 20.) 

1 1 . What is the oblupie defeenfion of the fun, dr of a 

liar, kc. ? ^2. pam 21.) 

12. What is the afcenlioiia} or defcenfional diflFcrence? 

page 21.) 

X.time; YzaRs, days, &c. 

I . What is a folar or tropical year, and what is the length 
of it ? (Dr/. 6a, page i j.) 

2« WlUt is a fiderial year, and what is its duration ? 
(Dr/. 63, page 15.) 

3. What is an ailronomical day i (Dr/. 58, page 13.) 

4. What is a ineau folar day ? {p^f- 57 > * 3 *)- 

5. What is a true folar day i ih/. 56, page 13.) 

6. Mfhat is an artificial day ? S9^ page 14.) 

7. What is a civil day ? {O/ 60, page 24 ) 

8« What is a fiderial day ? . (Dr/ 61, page 14.} 

9. What is meant by apparent noon, or apparent time,? 

(Dr/ S3* 

lOo What 18 true or mean noon t (D/. 54, page 13.) 
1 1 • What is the equation of time at noon I (hr/ 55, 
page 13.) . ' , 

,,V 

'"*■ XI. ASTkONOMICAL AMO NIICELtAMEOVt 
'' OEFIMITIOMS> &C. 

J. What do you uifderftand by the preeeffion the 
equinoxes^ and in what time do they malie am entire Vevo* 
lutioonttod theequino^ial i (Dff.64, page 15.) 

1 a.What 
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tm Wliat is tte.CKpufciJttm or UsiLght, andiibttisthc 
caufeofit? 84, page at.) 

What 16 refraAioHt and wiieoca 4 (M» it aiife t {Def* 
85, page 2 1.) 

4* What is an angle of potion, and in jnrhai does si di£&r 
from a bearing by the uisirineV*8 compafs ? 86» page 

ati and note page 181.) 

5* What arc rliumbs and rhumb-lines I {Dj^* 87»page 
Z2.) 

6 * What are the planets* and how many belong to the 
folar fyftem ? (-0^ 94 95 » 3^0 

7. What is the diftiudioo l^twecn primary andfecond- 
arv planets* and how many hreondary planets belong to the 
folar fyftem ? {Dtf* 9 ^* page 36.) 

8* What is the orbit of a (dauet* (Df/* 97« page 36*) of 
what figure arc the orbits of the planets* and in what part 
of the ngurc is the fun placed ? (page 131 .) 

9. What are the nodes of itpla^ i S^t p>ge 36.) 

10. What are the different afpedh oi me ptanets* and 
how many are there? (Z)^l99* pagt*37.) 

11. What are the fyzygics and miadiatures of the moon ? 

12. When is a planet *8 motion laid to be dined* ftation* 

ary* or rtrtrogadc : 101 > and 102* page 37.) 

13. What is a di^t ? UhJ 103, page 37.) 

14. WTiat is the diic of the fun or moon i {Drf^ X04* 


page 37,1 

15. What are the geocentric and hdioceBirk: lutitndes 
and longitudes of the Janets ? ( Dcf^ loj and 106 page 3?. ) 

16. Wlwn is a planet faid to be in apogee? X07, 

37 -) 

T 7. When is a planet faid to be in perigee ? {Dtf* ic8* 
pa^(* 37«) 

t8. What is the aphelion orhigJber apfis of a alanet's or* 
bit? ( D ^. 109, page 37 ) ’ 

19. tSThat it the perihelion or lower ipfis of a pbiit'e 
orbit ? (Z>#/; 110, page 38.) 4 

so. Wbat it. the fine oftbeapfidet? (i)//*. iii.pasv j8.) 
St. What is Hie ^McntricHjr the orbit of « pnnrt ? 

112, pi^ tg«) ■ > 

cs. What IS we dongttioA «f s Illanet'^ 1x7. 
page 38.) 

23. What 
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23« Wfaat ate the occuluitoa and tranfit of a planet i 
(Dej: lit and 114, page 38.) 

24* What » the caufe of an cclipfe of the ftm ? 

Ilf, p^e 38.) 

25. What is the cmufe of as eclipfr of the hkxni? (IXf. 
116, pacre 38.) 

26. What are the nodumal and diurnal axches deCcribcd 
by the heavenly bodies ? (Z>^- 1 19 and 1 18^ page 38*) 

27. What is the aberration of a ftar ? ( Dr/, 1 20, page 39, ) 

28. What are the centripetal and centrifugal forces ? 
(JD^.i2t,and ia2,page30.) 

29. What is gravity ? (Dr/. 8 , page44«) 

30. What is vis inertiae of a body ? ( De/. 9» page 44. * 

31 . What are the general properties of matter ^ (V*S^ 43 - ' 

32 . Can matter be divided ati injtnitum ? ( pagC43 and 44** 

33. What is motion, and what is the diftinaion between 
ah/olute and relative motion ? (pfg® 45*) 

34. What are Sir L Newton’s three laws of motion ? 
(pages 45 and 46,) 

35 . What is compound motion i ( page 47 . ) 

XII. THE SOLAa SYSTEM AND THE 8UK. 

1 . Wiiat is the folar fyftem and why is it To called i 
(pags- 126.) 

2. What part of the folar fyftem is called the centre of 
the world ? (page 127.) 

3. Does not the fun revolve on its axis, and what other 
motioii has it ? 

A* Of wlut fliapeis the fun, how far is it from the eartlif 
and what are its mmeter and magnitude ^ 

5. What is the comparative magaitude between the fun 
and the carfb? (page 128.) 

^Xin. or KEaevar. 

2. What 12 the lengtitof Mmsry’s year t (]Mgt 129.) 

2 Wbat ii the mate A ebiiffatiDn of Mercury T 

3« WIiaiiitLe£ftatioeafl&icuf7&OBitbe(un? 

^ 4- What 
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4. Whftt is the diameter of Mercury i (page 130. } 

5. What is the comparative magnitude between Mercu- 
ry and the earth ? • . 

. 6. What is the compaiifon between tlie light and heat 
Which Mercury receives from the fun, and the light and 
heat which the earth receives ? 

7. At what rate per hour are the inhabitants of Mer- 
cury (if any) carried round the fun ? (page 131 ) 

XIV. or VENUS. 

1. When is Venus an evening ftar, and in what fitua- 
tion is /he a morning ftar ? (page 131.) 

2. How long is Venus a morning ftar ? (pag^ >32 } 

3. In how many days does Venus revolve round the 

fun ? 

4. The iaft trannt of Venus over the fun^s dife happened 
in 1760, when will the next trairlit happen ? 

5. What is the opinion of Dr Herfchel rcfpc&ing the 
mountains in Venus ? 

6. What is the opinion of M. Schroeter on the fame fub- 

? (pag« 14* note.) 

7. Wliat is the greateft elongation of Venus i (page 132.) 

8. What is the diameter of Venus ? (page 133*) 

9* What is the magnittide of Veuus I 

10. Whal is the diftauce of Venus from the fun ? 

M, What is the comporifou between the light and heat 
which V enus iTceives from tlie fun, and the bght and heut 
which the earth receives ^ 

12. At what rate per hour docs Venus move round the 

fiu i 


XV. OF THE EARTH. 

I. Wliat if the figure of the earth ? 

. a. Why is the earth reprefented by aglofae ? 
j. 'What proofs have we that the earth is globular? 

wi^lcl be the devatkna of Chim^raco, the 
higheft 01 t{^ Andes rrountams, m aa artificad. globe of 
18 inches diameter? (pAge 54» note. ) - . 

5. What is a fphiroid, ani how is it generated ? 

6. What 
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6. What i« the duTerence between the polar and equate- 

ri 1 diameters of tlie earth ? (p"g^56*) 

7. Wluit is the length of a degit^e ? 

8. WI1.1t IS the ufe of finding the length of a degree, And 
how cAii the magnitude of the earth be determined thereby ? 
(pager,) 

9. \\*'ho was the firft 
a dr'grce tolerably accur 

10. What ib tile length of a degree according to tke 
r.i nch admeAfiircirunt ? (note, page 57 and 58.) 

1 1 . In wliat time does the earth revolve on its axis from 
Wilt lo Ka^ ? 

12. What is the diameter of the earth ; what is its dr- 

cumfercnce, and how are they determined ? (page 
and note ) ’ 

13. \\ hat proofs can you give of the diurnal mot’on of 

the eaitli ? (p 3 g<? 59 60 ) 

1 flow do you explain the phaenomrna of the apparent 
diurnal motion of tin* lun ? (p Oo ard 61 . ) 

1 ^ What proofs can you give of the annual motion of 
the I’arth ? (page 62.) 

16. What IS vUc diilance of the earth from the fun, and'' 
how IS It cJtnUti*d ? (p'lgr 62, find note P‘i.;e6j.) 

17. At what rale per hour does the earth travel round 
the lun ? 

1 8. At what rate per hour are the inhaMUhts of t he rqua» 
tor carried from well to eaft by the revolution of iheeU^th^ 
0.1 Its axis ? (p'ige 64. ) 

19. How do vuu explain tlie motion of the earth round 
iheluA? (page 65.) 

20. How du you illuftrate th^ phenomena of the di&' 
ferc..t h'aions of tlie year ? (page CC and 67.) 

XVI. OF raa moon. 


perfon who meafured the length of 


1 . ilow many kinds of lunar months are there i 

*34) ■ ' ' ^ 

2 . What i * a Periodical month f 

3. Wlpitiya|;lfyAodiQ^'ii^^ ; 

4. When is the cccentncity of the mounts 

(r*C« » 3 ? ) 

» * f. Wbn 
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5. Whcftw Ife ecceatiici^ 4)f the moon's elliptical ort>it 
Ijlieleaft ? Cp%^^3S0 

WhetAW- docs tiic nvdtion of the moon's nodes follow, 
mriccede from tiie4>iKkff of the£gits t 
, y* In how many years <lo the moon's nodes form a com- 
plete revolution round tlic ecliptic i 

la what fnace of timedoes the moon turn on her axis i 
What is tne libration of the moon i (page 136.) 
iO» Is the path of the moon convex, or concave tow'ards 
the (tin ? 

11. Pleafe to explain the different phafes of the moon ? 
(pages it6, 137, and 138.) 

12* What fioint on tlie earth has a fort night's moon hght 
stpd a fortnigiit’s darknels, alternately ? (p^ge 13S, and 

^ 9*0 

13* Wliat is the moon's mean horizontal parallax, and at 
what diftance is ihe from the earth ? (page 139 } 

14, What is the magnitude of the moon wficn compared 
with that of the earth ? 

xy. How many miles is the moon in diameter? 
i 6 * In how many days does the moon pt'riorm her revo- 
Jvlion rouiui the earth, and at what rale dots ihe travel per 
hour 1 

. ly. In what maaiier have aAronomers deiicribed the dif- 
l^nt IWts on the moon's furlacc ? (page 140.) 

j 8 Have not aftronomers difeovered volcanoes, annul- 
Icc. ia the moon? I40and 141 ) 


XVIL 01 MARS. 

■« What IS the general appearance of Mars ? (page 
•fU) 

j. To what tone does Mars vevolve on hit ask? 

3. In what time does Maxs perform hk revolution round 
dw fuii« aiidat whatratedoes he Utvel per hour ? (page 

H3*) 

4« How far If Mars diffanl from the S» } 

i . How many tndcs is hiara m diameter i 
» What k (htcompaiittvrmttmliMk helweco Mara 
awhAhcwrtkf 


XVUX. 



•r irn «rmnnr». 


dki/. II. 


S4» 


XVIII. OF cms, FAI^LASifVlIO, 

1. When and by whom was the fdanet or AfteroidOeiis 

^fcovered f (p^g^ <44 ) 

2. How many miles is Ceres in diameter ? 

5* What is the diftatice of Ceres from the fm, and 
wbm is the length of her year? 

4* When and by whom was Pallas difcosered t 

5. What is the diameter of Pallas in Engliib miks i 

6 . Who chfcovered the Afloroid Juno f 

7. By whom was Vofta diicorcred ? 


XIX. or jupiresi &c. 

1 . In what fituation is Jupiter a morning ftar, and in what 

filuatioii is he an evening ftar ? *45*) 

2. In wh It time docs Jupiter revolve on his axis t 

3 . W hat are Jupiter's belts ? 

4. In what time docs Jupiter perform hit rcvolutioir 
roni.d the fun, and at what rate per hour does be travel ? 
{page 146.)^ 

5. What is the dtftance of Jupiter from the fun ? 

6. What is the d dimeter of Jupiter in £rtgli 0 ) miles? 

7. What is the comparative magnitude between Jupiter 
and the earth ? 

8. What is the comparifon between the light and heat 
which Jupiter receives from the fuo, and the light and heat 
which the earth receives ? 

9 How many fatellites is Jnpitcr attended by I (page 
* 47 -) 

10. By whom were the fatcDites of Jupiter difeoveted * 

11. In what time do the refpeflive fatt^ites perform tJicir 
revolutions round Jupiter ? (^pagP * 47 • ) 

12. In what manner are the longitudes of places deter- 
mined by the fatellites of Jupiter ? (page 14^*) 

1^ Hieafe to explain the cdhfiguration of the tatcDitcS of 
Jupiter as given in the lath page of the nautical abnimac ? 
(page 148 and 140 ) 

14. Ho«v was the progreffive motion of light idSfcovered ? 
(pagcijo.) 

XX. OF SATURK, &C. 

1 What ‘\i the appearance of SatuntVhen viewed through 
a lolcfcopc I (page 150.) 


2. 



*i(2Cft(nritoNSv &c. 


Part IV 




2 . ' Iri wliat tlinc Saturn pcrfonn his irvolution round 
theiUDy and at what rate does'lie travel per hour ? 

3. What is the diftaiicc of Saturn from thi Inn ? 

4. How many 'EugHlh miles Saturn i!i diameter, and 
iiurhat is his magnitude compared with that of the earth ? 

(pageifi.) 

5. what is the comparifon between the light and heat 
winch Saturn receives Irom the fun, and the light a!'id beat 
which the earth receives ? 

6 111 what time docs Saturn revoUc on his axis ? v 
7. How many moons is Saturn attended by^ and by 
wjiom were they difeovered ? 

tJ. Ptruy is wot the 7th falcllitc the neareft to Saturn, 
and, if i'o, why was it not called the firll fatcllite ? 

*52) 

9. What is the ring of Saturn, and how may it be le- 
prefented by the globe ? *53 ) 

to. By whom was the ring of Saturn difeovered ? 

11. In what time does the ring of Saturn re\olve round 
the axis of Saturn ? 

>•1 


XXI. OP THE GEORGUK PLASFT, &C. 


1. When and by whom, was the Georgian planet dif- 
covered? (page* 153,) 

2. What \b the appearance of the Georgian when viewed 

through a telefcope ? ( page 154.) 

3. In what time does the G'jorgian planet revolve round 
the fun, and at what rate per hour does it travel ? (p^go 

.^54*) 

4. What is the comparative magnitude between the 
Georgian planet and the Earth ? 

5. Mow many facellites belong to the Georgian ? 

' 6 By whom wore the fat^lstes of the Georgian difeo- 
iVffod, and ia what order do they perform their revolutions 
round the planet ? (page 155. ) 

VNJt WMStitd t9 Vll^ IX and 

X JW /. «W I* Chaf. //. Fart II ; tw tb: w# mt' af /living 

tkt difftrmt prMtmri 
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Chaptsa 111 . 

A TABLE cfiic LATITUDES OfiJ L0«GITUDFS o/ fomf 
of the PRINCIPAL PLACES IJI the WORLD, With the 
Countries in 'tvbich they are Jituated,-^^—^^,!^. The Longi- 
tudes are reckoned from Greenwich Obsekvatory. 

A. 

Namee of Places. Country cr Sea. Latitudes. Longitudes 


Abbeville 

Aberdeen 

Abo 

Acapulco 

Achen 

Adrianople 

Adventure Bay 

Agra 

Alp 

/,ix 

Akerman 

Alderney I. 

Aleppo 

Alexandretta 

Alexandria 

Algiers 

Alicant 

Amboyna L 

Amiens 

Amfterdam I. 

Ancona 

St. Andrew’t 

Ailgers 

Angoulcme 

Angra 

Annapolis 

Antibet 


France 50 

Scotland 57 

Sweden 60 

Mexico 1 7 

Sumatra 1 . r 

Turkey 41 

New Holland 43 

Hindoo A an 26 

Scotland 54 

France 43 

Turkey 46 

EnglimClian. 49 


Eg^pt 31 

Africa 36 

Spain 38 

Moluccas 4 

France 49 

Holland 52 

Pacific Ocean 2 1 
Italy 43 

Scotland 56 

Frajfce 4.7 

France 

f Twem, A -1 .0 
I zore I. J 3 * 
Nova Scotia 44 
France 45 

« 4 


7N. 

9 N. 

27 N. 

10 N. 

22 N. 
10 N. 

23 S. 
43 N. 
25 N. 
3a N. 
25 N. 
48 N. 
45 N. 

35 N. 
13 N. 

21 N. 
25 N. 
53 N. 

22 N. 
9S. 

38 N. 
21 N, 

28 N. 

39 N. 


1 49 E. 

2 28 W. 
22 13 Z. 

101 4? W. 
9540K. 
26 30 £. 
147 30 E. 

4 26 W. 

5 26 Z. 
30 o £. 

2 13 W. 
37 «> E- 
36 14 £. 
>9 55 E. 

» »3 E. 
o 30W. ' 
127 ao £. 

2 18 £.i 

4 5 « E. 
174 46 W. 
13 30 E. 
a 49 W. 

o a w. 

o 9 E. 


H 5W. 
7 7 E. 
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Names oj Places, Country or Sea. Latitudes. Longitudes. 


Antwerjj 
Archangrl 
Arran 1. 

Afern/ion I, 

Aftracan 
Athervs 
St. Auguftin 
St . Augulline 
Cape St Auguftinc Brazil 
Ava Afia 

Cape Ava Japan 

Avignon France 

Avranches France 


Netherlands 
Ruf&a 
Scotland 
S, Atlantic 
Kuflia 

'rarkey Ear. 
Madagafcar I. 
Eafl Florida 


?i 13 N. 
64 34 N. 

55 39 N- 

7 5 ^}^- 
46 21 N. 
38 5 N, 
23 35 

30 10 N. 

8 4S S. 
21 30 N. 

34 45 N- 
^7 N- 

48 41 N. 


B. 


Babelmandcl StraitaRcd Sea 
Babylon (Ancient) Syria 
Bagdad Svria 

Baraforo Hiudooftan 

Baltimore Ireland 

Banda 1 » Indian Ocean 

Banff Scotland 

Bantiy Baiy Ireland 

Barbadocs I. 

(Bridgetown) 


12 

33 

33 

21 

51 


CO N. 
oN. 
20 N. 
20 N, 
16 N. 


Barcelona 
Ba£i 

Baffi? Ttm 
Bailia 
Batavia 
Bayonne 

BuAbra Of Baflbrm 
Beachylidid 
Bel&ft 
BeTp^de 


Caribb. Sea 


Spain 

Switzerland 

Guadaloupe 

Corfica 

Java I. 

France 

Turkey 

Suflex 

Ireland 

Turkey 


3 *5 S- 

4 30 N. 
57 42 N. 
51 s6N. 

13 o N. 

41 23 N. 

47 35 N. 
15 39 N . 
42 N. 
11 S. 
29 N. 
3© 43 N. 
50 44N. 
54 43 N. 
45 o N. 


43 


4 23 F.. 
38 58 E. 

5 12 W, 
14 21 W. 
48 8 £. 

52 E. 
8 E. 

34W. 
jW. 
o E. 
i]o 55 E. 

4 48 £. 

1 22 W. 


23 

43 

81 

35 

96 


43 

4» 

44 

86 

9 

107 


45 E. 
40 £. 
24 £. 
o £. 
30 W« 

10 £. 


127 25 E. 

* 3 ‘ W. 
10 toW. 

59 50 W. 

a II £. 
29 £. 
54 W. 

25 B* 

51 R 
50 Wi 
o£. 
20 £. 
57 W. 
20 E. 

A'jwrt 


7 

61 

? 

106 

I 

47 

o 

5 

21 



Chap^Xll* t 0 H 0 ITV 5 ES CE fLACtS, 


Names of Places^ Country or Sea* Latitudes* 


Bencociica 

Bergen 

BcrMrick 

Befan^on 

B'lboa 

Btanco (Cape) 

Biois 

Bologna 

Boinbuy I. 

Bofton 

Botany Bay 

Boiik)gne 

Bt)urbon I. 

Bourdeaux 

Birmen 

Breflaw 

Bred 

Bridlington 

Brighthclmftone 

Briitul 

Brunfwick 

Briiflels 

Bticcorefti 

Buda 

Buenoa Ayret 
Btuigof 


CaAaorCatea 

Caen 

Caglkrt 

Cam 

Calto 

Calcutta 

Calmar 

Cambray 

Cti6bA 


Sitmatra I. 

Norway 

Upon Tweed 

France 

Spain 

Afnca 

France 

Italy 

India 

America 

New Holland 

France 

Indian Ocean 

France 

Oermany 

SileAa 

France 

Yorkrtiire 

Snffex 

England 

Germany 

Netherlaoda 

Turkey 

Hung^ 

S. America 


C. 


Pr&ice 
Sardinia X« 
Egypt 
Pnnee 
Bengd . 

Netbcrlaagt 

Eq^aad 

«5 


8i 


3 49 S- 
6o 24 N. 
55 47 N- 

" " S' 

47 35 N* 

44 *9 N. 

18 57 N. 

42 25 N. 

34 oS. 

50 43 N. 
20 52 8. 
44 50 N- 

53 5 N. 

51 3N. 

48 23 N.. 

54 7 N‘ 
50 fo N.. 
31 28 N. 
5 * 30 N* 
CO ci N. 
44 a? N. 
4740N. 
34 35 S; 
42 zoN. 


5 * N- 
49 21. N» 

39 *5 N. 
M 3 N. 
I057N 
2* 35 N. 

S^ 4 oN. 
fa to N. 
ft ti Vf- 


34 r 

LtngitHiies, 

* ' I' 

102 10 
C 20 E. 

2 S^* 

6 

3 23 W. 

17 loW. 

1 20 E. 

1 1 2t E. 
72 38 E 

7037W. 
151 23 E. 

1e. 


9 E. 

- 


W. 

E. 

£. 

W. 

W. 


6 taW. 
o 22 W.. 


9 S<»E- 

31 ai £. 

1 52 E. 
88 29 £. 

3 ‘SS* 

V«mtt 



PMrt IV. 


146 TIIF LATITVOBS AHD 

Ifanut of Pltuu, Country or Sea^ Lahludti . XtOngifuJcf- 


CtiuiryL (N.E/ 

|K>]nt ) 

Omdia 

Atlantic 

28 1*3 N. 

Candy I. 

35 »9 N. 

CttDtriliury 

England 

51 18 N 

Canton 

China 

23 8 N 

Carffcrona 

Sweden 

56 20 N. 

Caithagena 

Spain 

37 37 N. 

Carthageiu 

Terra Firma 

10 27 N. 

Ctflel 

Germany 

51 19 N. 

^van 

Ireland 

54 52 

Cayenne 

I. of Cayenne 4 56 N 

Cliandcrnagore 

Hiodooftan 

22 51 N. 

Chartres 

France 

48 2" N. 

Cherbourg 

France 

49 38 N. 

Chniluna 

Norway 

59 55 

Chriftmas Sound 

J Terra dell 

1 Fueffo 1 

55 22 «• 

St Chnftopher's I.CaribbA Sea 

17 15 N. 

Civiu Vcccliu 

Italy 

42 5 N. 

Clermont 

France 

45 47 N 

Cnebm 

India 

9 33 N. 

Coknar 

France 

48 jN. 

Cologne 

Germany 

50 55 >«• 

Cpmonn (Cape) 

ladia 

7 j6 N. 

CouiUotinopk 

Turkey 

41 1 N. 

Copenhagen 

Denmark 

55 4 « N- 

Cork 

Ireland 

SI 54 N. 

Corvo 

Azores 

39 42 N 

Contances 

France 

49 * N. 

Cracow 

Poland 

49 59 N. 

Cromartie 

Scotland 

57 43 

St Croa £ 

Atlantic Oc- 

17 49 N. 

Cpfco 

Peru 

D. 

B> 25 S. 

tMhuk 

Poland 

54 21 N. 

JQjttdanelkt’ StnuuT^iikcf 

40 10 N 


*5 39 


W. 


18 £. 

5 E. 
2 r-. 
26I . 

8 W 
27 W 
35 K 
23 W 
41 E. 
29 1 . 
29 £• 
1 37 U 
10 48 L. 

70 3 W 


»J 

1 

>«3 

*5 

I 

75 

9 

7 

3 

88 

1 


62 

11 
3 

75 

7 
6 

7 j 

*8 

12 

8 

3 * 

1 


43 W 

44 h. 

4 

22 £ 
55 E. 

|{^. 
6 W. 
27 w. 
19 joE. 
4 9 ' 7 . 
«4 5 $W. 

73 


18 34 £. 
zi 26 E. 

Ifamtt 



Chp’lU- LONOlTVBtS tJ 

rtAces. 

347 

Namffi rf Piace^M 

Country ^Sia, Latitudes • 

Lottgilmiet. 

Dartmouth 

England 

CO 21 N. 

3 4* W. 

Delhi 

Hindooftin 

a8 37 N. 

77 40 

Defeada I. 

Caribb. Sea 

j6 36 N. 

61 10 w. 

S. Dennis 

Ifle Bourbon 

20 52 S. 

55 30 E- 

Dit’ppc 

France 

49 55 N- 

1 4E. 

Dingle B:,y 

Ireland 

S* 55 N- 

10 40 w. 

St Domingo 

Caribb. Sea 

18 ao N. 

«9 46W. 

Dort 

United Prov. 

5» 47 N. 

4 35 E. 

Douglas 

Ifle cf Man 

54 7 N. 

♦ 3 !^- 

Dover 

England 

51 8 N. 

1 18 E. 

Drontheim 

Norway 

63 26 N. 

to 22 £. 

Dublin 

Irelana 

53 21 N. 

6 6W. 

Dunbar 

Scotland 

56 iN. 

* 33 

Dundee 

Scotland 

56 28 N. 

2 58 W. 

Dungarven 

Ireland 

5a oN. 

7 30 w. 

Diingenefs 

England 

50 52 N. 

0 59 E. 

Dunkirk 

France 

51 2 N. 

2 22 £. 

Durham 

England 

54 44 N- 

i 15 w. 

Duraazo 

Turkey 

4 i 58 N. 

25 O.E. 

Eall Cape 

New Zealand 

37 4 » ^ 

^74 30 W. 

Eddyftbne light 

England 

SO 8N. 


Edinburgh 

Scotland 

55 58 N. 

3 12W, 

Elbing 

Poland 

5A 12 H. 

no 35 E. 

Eifioore 

Denmark 

So » N. 

ta 37 >E. 

Entbden 

Germany 

S 3 J* N. 

7 t6E. 

ETobrua 

France 

44 34 N. 

0 29 E. 


Turkey in A&138 0 N. 

a? 53 E* 

]|^erum 

TiikkeyinASilad 56 N. 

4 * 35 E; 

Buftatia 

CaribK Sea 

17 30 N. 

63 14W. 

Evieuic 

France 

49 * N. 

1 9E. 

ixeter 

England 

X* 

SC 4 +N. 

S $ 4 W. 

Fair Ifland 

ar. 

Orkney Iflandtro to N. 

>46W. 

Faknottth 

England - 

50 8N* 

j aW. 


ae 

• 

Ifam, 



34* TH« t,ATtTU1»SS Alf0 

Places. Country or Sea. Latitudes. 


FaUe Bay 

FaiVH’eJI (Cape) 

Payil Town 

Peru Iflaod England 

Fetrara Italy 

Pent>lflancI(Town)Canary Ifles 
Feiwl Spain 

PflJifterre ( Cape* ) Spain 
IHimborough HeadEngland 
Itafy 


fCtpe of Good ® 
I Hope 
Greenland 
Aaore Iflands 58 

55 
44 


34 

f9 


Florence 

yiores 

Florida (Cape) 

F1i(flking 
N* Foreland 

} Canary Iflcs 

Foitrofe Scotland 

FoalneiM England 

France (Tile of) Indian Ocean 20 

Francois ( Cape ) St. Domingo 19 

« 

Funchal I. of Madeira 52 

Funieaux Ifland Scaety liles 17 


Azorc Iflanda 59 
S. America 25 
United Prov 51 
England 5 1 

28 

57 

52 


10 b* 

N. 
32 N. 
38 N. 
50 N. 
47 N. 
29 K. 
S2 N. 
n N. 

46 N. 

54 N- 

47 N* 
27 N. 
25 N. 

4 N. 

iio N. 

57 

27 s 
46 N. 

5? N. 

38 N. 

11 s. 


G* 


Gap France 

Galway Ireland 

Ocaeva Switzerland 

Genoa Italy 

St.Gcdrgc(Town)Bwwuda« I. 
FoftSt. George Or Madras 
Ghent. 

Gsbi'altnr 
OJafgow 


Netherlands 
Spain 
Scotland 
MalabarCpaft 15 31 N 


44 ^3 
y3 10 K. 
46 *2 K. 

44 25 N- 
22 N* 
>3 5 n;- 
3 N. 
5 N. 
52 N. 


55 


Sift IV 

Longitudes . 

ts 33 E. 

42 42 W. 
28 4* w. 

44W. 
3<SE. 
46 W. 
icW. 
17 w. 

loE. 
aE. 
oW. 

35 

33 T'" 

28 E, 

14 3> W. 

+ 7W- 

S3| 

j8\V. 

35 E- 
6W. 
7 W. 


1 

1 1 

*7 

8 

9 

0 

ti 

3» 

80 

3 

1 


o 

57 

72 

8 

»7 

H3 


6 « E. 
ro iW. 
6 o E. 
8 36E. 
^ 53 W. 
80 29 E. 

3 44E- 
5 aaW. 
4 . 5 W. 

73 45 E. 
A 



Ciaf. III. LOffOlTUMf OF ft At *6. 

I/amti cf Placet. Country or Seat. Latitudes. 

Gomera I. Canary Ifles a8 6 N. 

Good Hope (Cape) Africa 34 29 S. 

Ooree L Africa 14 10 N. 

Gottenburcr Sweden 57 42 N. 

Gottinp-ii (Obfer.) Germany 51 32 N, 
Granville France 48 5:0 N. 

Graciofa At<w Iflands 39 2 M. 

Grareliucs France 50 59 N. 

Gratz Gern.any 47 4 N. 

Gravefend England 51 28 N. 

Greei^wich (Obf.) England 51 29 N. 

Guadalanpe Carihb. I. _ 59 N. 

Gucnifey Engitfh Chan. 49 30 N. 

H. 

Haerlem United Prov. ya 22 N. 

Hague United Prov 52 4 N. 

Halifax Nova Scotia 44 46 N 

Hamburg German/ 53 34 N. 

Hanover < 7 <'nnar.y 52 22 N 

Harwich England 52 1 1 N. 

Hat tcras (Cape) N. America 35 J2 N. 

Havre dc Grace France ^49 29 N. 

Havannah IfleofCuba 23 12 N. 

St.Hclena( a.i c 

Tow..)' }Atla.,t.c ijjyS. 

Horvey’af. Society Iflcs 19 178* 

La Hogue (Cape) France 49 45 N. 

Holyhead Wales 53 23 N. 

Horn (Cape) S. America yy .58 S. 

Hull England yy 48 N. 

Jan 4 I 

Jackfon (Port) New Holland 33 y2 S. 

daflTa Syria 33 5 N, 

.Tacktttflcoi Siberia 62 1 N 

Janeiro (Rio) Brazil 22 54 S* 


349 

Lon^tudrs. 

ly «W. 
18 23 E. 
17 aj W. 
1 1 39 K. 

9 5^ P- 

1 37 W. 

27 S 3 W. 

2 7 E. 
ly 26 E. 

o 20 E. 
o o 
61 59 W. 
a 5a w; 


4 3<>E. 

4 >7E* 
63 W. 

* ^2 * 

9 4»K. 

» * 3 ®- 
76 5 W. 

0 6E. 
•a 18 W, 

5 49 W. 
158 48 W. 

1 57 W. 
4 45 W. 

67 26inr. 

o 33 W. 


151 19 E; 
33 10 E. 
129 48 £> 
42 44.W. 

A'ames 



Pa^i IV. 


350 THE LATITUDES AMD 

N^miS of Placet* Country or Sea* Latitudes* Longitudes* 

Jafly Turkey 47 8 N. 27 30 E. 

Java Head I. of Java 6 49 S. J05 14 £. 

Jeddo I(le of Japan 36 o N 139 4o£. 

Jerufalem Syria 31 46 N« 35 20 E. 

Ingolfladt Germany 48 46 N. Ji 22 E. 

Invcrncfs Scotland 5736N. 415W. 

Joannah Comoraliles 12 5 S. 45 40 £. 

St.John's Ne>vfoundland 47 32 N. 52 26 Vv’’. 

St* Jofeph’s California 23 4 N. 109 42 W- 

Iflamabad Hindooftan 22 20 N. 91 45 E, 

Ifpahan Perfia 32 25 N. 52 50 E. 

Jodda, or Oidda Arabia 21 29 N. 39 22 E. 

St. Julian (Port] Patagonia 49 10 S. 68 44 W. 

Juan Fernandez Pacific Ocean 33 45 S. 78 37 W. 

K. 

Siberia 56 20 N. 163 o £. 

Hebrides 57 47 N* 8 40 W. 

Ireland 51 32 N* 8 50 W. 

Ruffia 50 27 N. 30 27 E. 

Lapland 68 52 N. 33 1 £• 

PrulTia 54 43 N. 21 35 £. 


L. 


Ladrone ].(Guafn 

)Pdcific Ocean 13 lo N» 


ic E. 

Landau 

France 

49 II N. 


7E 

Laffa 

Thibet 

30 12 N. 

9 * 

20 £• 

Landferoon 

Sweden 

SS 5 * N. 

14 

iroE. 

Land’s End 

, England 

50 6 N. 

5 54 F‘ 

Laiifanne 

Switzerland 46 31 N. 

6 

45 E. 

Leeds 

England 

53 4®N. 

X 

34 W. 

Leghoin 

Italy 

43 33 N. 

10 

16 £. 

Lehh 

Scotland 

56 oN. 

3 

11 £. 

Leipfic 

Germany 

5» 19 N. 

12 

40 E 

Lfjrden 

United Prov. 52 8 N. 

4 

zB E. 
Namet 


Kamtfchatka 
St. Kilda 
Kinfale 
Kiow 
Kola 

KcningAerr 



Chaf^ III. LOMCtTUSSa OF FLACES. 

Names of Places. Country or Sea. Latitudes. Longitudes. 


Lerwick, or Leer - 7 
wick j 

■ Shetland lllcs 60 1 3 N- 

0 5'3 W. 

I.iege 

Netherlands 

50 37 N. 

5 35 E. 

Lima 

Peru 

12 1 S. 

76 45^ W- 

Limerick 

Ireland 

52 11 N. 

9 53 W. 

lAimogcs 

France 

45 50 N. 

I 16 E. 

LiutL' 

Germany 

48 1 6 N. 

*3 57 E. 

Line 

NetUerLuds 

50 38 N. 

3 4E. 

Lilbon 

Port igal 

38 40 N- 

9 10 W. 

Liverpool 

England 

53 24 N. 

3 J2W. 

I.izard 

England 

49 57 N. 

5 21 W. 

London (.St. Paura 

i) England 

SI 31 N. 

0 6W. 

LouiiLuurg 

n. of Cape 7 

[ Bre\r. 5 

45 54 N- 

.59 54 W. 

Louvain 

Nellvula. ds 

50 53 N. 

4 44 E- 

St. Lucia 

Caribb. Sea 

13 24 N. 

60 31 w. 

Luiiden 

Sweden ' 

55 4 * N. 

13 2 K. 

Luiioville 

France 

4 « 33 N. 

6 30 L. 

Luxembourg 

Netherlands 

49 37 N. 

6 12 £. 

Lyun 

England 

52 45 N. 

0 23 E. 

Lyons 

Fi-arice 

M. 

43 46 N. 

4 49 E. 

Macao 

China 

32 13 N. 

113 46I. 

Macafaar 

L of Celebes 

5 9S. 

119 49 E. 

Madeira I. (Fun- 1 
chal) 

Madras 

( Atlantic 

3* 38 N. 

J7 '6Vy, 

^ India 

'5 5N. 

80 29 E. 

Madrid 

Spain 

40 2; N 

3 ‘jW. 

Mahon (Port) 

Minorca 

39 S‘ N- 

3 48 E. 

Mauorca 1 . 
Malacca 

Mcdi terra. 

39 35 N- 

2 30 E. 

India 

2 12 N. 

102 5 E. 


ji 2 N. 4 49E. 

St. Kalo France 48 39 N- * * W. 

Malta Mfditerra* 35 54 N. 14 2B E. 

ftfanilla Philippine U. 14 3 ^ N. 120 53 E. 

Namti 



■**»* LATiTVDtS Part TV. 

Names of Places • Country or Sea. Latitudes. Longitudes • 


MarigaliinR* 1. 

Caribb« Sea 

‘5 5 S N- 

6i 

I w. 

Marfeilles 

France 

43 N. 

5 

22 £. 

Martinico 

Caribb* Sea 

14 44 N. 

61 

21 W. 

Maycncc or Mentz Germany 

49 54 N- 

8 

20 £. 

Mayo 1. 

CapeVcuils 

15 10 N. 

23 

5W. 

Mecca 

Arabia 

21 40 N. 

4 ^ 

oE 

Mexico 

America 

19 26 N. 

ICO 

6W. 

Milan 

Italy 

45 28 N. 

9 

12 £. 

Minorca 

Medditerran. 

39 5 » N. 

3 

54 

Mocha 

Arabia 

>3 44 N. 

44 

4E. 

Modena 

Italy 

44 34 N. 

11 

12 £. 

Montpellier 

France 

43 37 N. 

3 

51 K. 

Montreal 

Canada 

45 50 N. 

73 

11 W. 

Mofeow 

Ruifia 

55 46 N. 

37 

33 E. 

Munich 

Germany 

4S 10 N. 

11 

30 E. 


N. 

Namur Nctherlaiidt 50 28 N. 4 46 E, 

Nancy France 48 42 N. 610 E. 

Naiikia China 32 5 N. 118 46 E. 

Nantes France 47 *3 N. 1 34 W. 

Naples Italy 40 50 N. 14 17 E. 

Narbonnc France 43 1 1 N. 3 o E. 

N^ze Norway 57 58 N. 73 E. 

N™o«k..po.. ; 

Niagara Canada 43 4 N. 79 8 W. 

Nice France 43 42 N. 7 17 E. 

Nieuport Flanders yi 8 N. a 45 E» 

Njfmes France 43 50 N. 4 19 E. 

Norfolk I. N. Holland 29 2 S. 168 10 £« 

North Cape Lapland 71 30 N. 25 57 E. 

Nuremberg Germany 49 27 N. 11 4 £« 

O. 

Ockaakow Rul&a 45 12 N. 34 4o£* 

Oetaad L (S.cnd) Sweden 56 15 N. j8 35 £• 

Names 



Chup, 111* 

Nnmes of Placfs* 

Oleron 1. 

St. Omcr 
Oporto 
Orbitcllo 
Orleans (Now) 
Onogiil (Cjpo) 
Ofnaburg !• 
Oftend 

()'why’heo(N.cn( 
Oxford (obi 01 V. ) 


Padua 

PalemKi 

Palmu L 

I’auama 

Paris (Obfor. ) 

Pfgu 

Pekin 

Perigueux 

Perpignan 

Peterhead 

Pelerlburg 

Philadelpnia 

Pico I. 

Pifa 

Plymouth 
Poitiers 
Pondicherry 
Port Glafgow 
Portland (ligbt- 
houfe) 

Porto Bello 
Port Royal 
l^jrlfmouth 
Prague 


LONQITVOKS or FLACES. ffj 


Coun/ry or Sm, LaiitudeSt 


Franco 

46 3 N 

Netherlands , 

,50 45 N. 

Portugal 

^41 10 N. 

Italy 

42 32 N. 

Louiiiana 

29 58 N. 

Spain 

43 46 N. 

Society Is. 

17 52 s. 

Netherlands 

51 14 N. 

i.) Sandwich Is. 

18 54 N, 

England 

51 45 N. 

P. 


Italv 

45 hN. 

Sicily 

38 10 N. 

Canary IflandszH ^7 N. 

Mexico 

8 48 N. 

Frauce 

48 50 N. 

India 

17 0 N. 

China 

39 54 

France 

45 >' N. 

France 

42 42 N. 

Scotland 

57 .32 

Riilfia r 

59 5 <> 

America 

39 57 N. 

A 4 ore ISf 

38 29 N. 

Italy 

43 43 N. 

England 

50 22 N. 

Frauce 

46 35 N. 

India 

1 1 42 N. 

Scotland 

55 56 N. 

1 England 

50 3r N. 

9 

America 

9 33 N 

Jamaica 

lU oN. 

England 

50 47 N. 

Bohemia 

59 5 N. 


Lon^tuda, 


1 

2 
8 

12 

89 

7 

148 

2 

'55 

1 


ay W* 
lyK, 
27 W. 
7E. 
59 W. 
39 W. 

6W. 
56 E. 
45 W. 
15 vv. 


II 

>3 

>7 

80 


52 £. 

43 E. 

50 W. 
21 W. 
2 20 £. 
96 58 E. 

1 16 27 £. 

43 I- 
54 £• 
46 W. 
19 E. 


0 
2 

1 

30 

75 
28 
10 

4 

0 

79 

4 

2 27 W. 

79 50 w. 

76 45 VV. 

1 6W. 

14 24 £> 
Namct 


23 E. 
16 W. 
2. E. 

53 ^ 
38 VV. 



354 thj. i-^TiryoBs ako Part IV. 


Names of Places, Country or Sea, Latitueies. LottgiluPe^, 


Prefl)Ur;r 
Pfoyidt .Kt' 


Qurbvc 
Qut'da 
Quitrper 
St. Quint in 
Quires (C?*pf ) 
Quito 


Ramhtad 

Ran.fhy 

Ramfgdtc 

Ravfnna 

Rennes 

Kheims 

Rhodes (I. of) 

Rhode Iflnnd 

Riga 

Rochelle 

Rochefter 

Rome 

Rothfiiy 

Rotterdam 

Rouen 



Salerno 
Salifbur)’ 
SaU I. 
Salie 
Samana 


Hungary 

America 


Q. 


Canada 
Mahc cd 
France 
France 


48 8 N. 

41 5* 


46 55 N. 
6 15 N. 

47 5^ N. 

49 51 


New Hebrides 14 56 S 
Pcfti o 13 S. 


R. 

C ornwall 
Tfle of Man 
England 
Ita^ 

France 

France 

Archipelf^go 

America 

Ruflia 

France 

England • 

Italy 

of Bute 
United Prov. 
France 
Baltic 
England 

S. 


19 N. 
17 N, 

20 N. 

25 N. 
7 N. 

15 N. 

27 N. 

28 N. 

5 N. 
9 N. 

26 N. 
5+N. 
50 N. 
56 N. 

»7 N. 

54 32 N. 
50 55 N. 


5 ° 

54 
5 ‘ 
44 

48 

49 
35 

41 

57 

4-5 

5 > 

4 > 

55 
5 » 
49 


Italy 40 39 N. 

England 51 4 N. 
Cape Verd la. 16 38 N. 
Morocco 24 10 N. 
St, Domingo 19 ij N. 


u • 

17 33 E 
71 a6W. 


69 53 W. 
100 12 E. 
4 7W. 
3 J 7 E- 
167 20 E. 
77 55 W. 


4 20 W. 
4 26 w. 
I 24 E. 
12 10 £. 

1 42 w. 

4 2E. 
28 45 E. 
71 30 W. 
25 5 E- 

I 10 W. 

0 30 E. 
12 29 £. 

5 >7W. 
4 28 £. 

1 JW. 

14 30 E- 

o 44 E. 


14 48 £. 

1 47 W. 
22 56W. 

4t|w: 



in. 

Samfs of laics. 

Siimarcai.d 
iS.in>0!> 1. 

Saiicta Ciu/ 

S^ijiiwicli 

iSaritov 

Savannah 

Scaiul'jiroon 

Staihoroiigh 

Scaw Li^ht 

Sclv-lluig 1. 

Sohirauz 

SciUy- IHca 

SfJaii 

S'?xi..‘gal 

Siam 

Sinynia 

Snuthampion 

Start Point 

Stockholm 

Stockton 

Stralburg 

Stralfund 

Suez 

Surat 

Surinam 

Swanfea 

Syracufe 


Tamarin Town 
Tangi'/r 
Tares, to 
Ten* Jos I. 
Tentrilfi* (Pcik) 
Terc*ra I. 

Texel 1 . 
Thionville 


LONGtTUD&S OF PLACLS. 35 $ 

Country or Sea* JLaiitudss* Longihides* 


W, I'artary 39 

ll 

England 51 
Rulfia 5 i 

N. America 32 
Syria 36 

England 54 
Denmark 57 
United Prov. $3 
Cap. of P<*ifia. 29 
Englifli Chan. 49 
France 49 

Africa 15 

India 1 4 

Natulia 38 

England $0 
luigland 50 
Sweden $9 

England 54 
France 48 

Germany 54 
Africa ^ 29 

India 21 

S. America . 6 
Wales 51 

Ifle of Sicily 37 

T. 

Ifle of Socotraiz 
Cil of Barbary 3 5 
Italy 40 

ArchipMago 39 
Canary in.iuds2 8 
Azorj Iflandi 38 
UniledProf. 53 
Frai-ce 49 


45 N. 

63 20 E. 

46 N. 

27 13 E. 

27 N. 

16 16 W. 

19 N. 

1 15 E. 

30 N. 

46 0 E. 

3 N. 

81 24 W. 

35 1 ^'* 

36 14 E. 

21 N. 

0 18 W. 

44 N. 

10 37 E. 

17 N. 

5 7 K* 

40 N. 

54 

56 N. 

6 46 VV. 

42 N. 

4 57 

53 N. 

16 21 W 

18 N. 

100 50 E. 

28 N. 

27 20 E. 

55 N- 

1 5 W 

9 N. 

3 5 ‘ W 

21 N. 

18 4 E* 

41 N. 

I 9W 

5N. 

7 45 E. 

23 N. 

14 10 E. 

50 N. 

33 * 7 E. 

10 N. 

72 22 £. 

30 N, 

55 30 W, 

40 N. 

4 30^ 

4N. 

15 31 E. 

30 N. 

53 9 E- 

55 , N. 

5 45 W, 

43 N- 

17 31 E. 

57 N'. 

2^ 14 £. 

13 N. 

16 29 W 

>3 5 

27 6W 

lo N. 

4 59 E- 

2 1 N. 

6 io£. 

Name. 



ss^ 

N^me^ 9 / PlaciSn 

Tobolfk 
1\ib«eo I. 
Tolea<> 

Tomflc 

Torbay 

Tomta 

Touloiife 

Trieftc 

Triiuomalc 

Tripoly 

Troyes 

Turin 


Uliateah 

UpM 

Uraniburgh 

U/har.t 

ValcncKMuies 

Valencia 

Vaiuics 

Venice 

Vera Cruz 

Vcrd (Cape) 

Verdun 

Verona 

Verfailies 

Vienna (Obicr. ) 

Vigo 

Vincent (Cape) 
Vintimigl\a 
Virgin GurJa 


VTakcfield 

Wardkuys 


THt LATITVDZS AKd PartW . 


Country or Sea^ Laittudes. Longitudes. 


Siberia 

5I 12 N. 

68 25 E. 

Caribb* Sea 

II 15 N. 

60 27 W. 

Spain 

39 50 N. 

3 20 W. 

Siberia 

56 30 N* 

84 59 E. 

Englim Chan. 50 33 N. 

3 42 w. 

Lapland 

65 51 N. 

24 12 £. 

France 

43 3<5 N. 

1 26 £. 

Adriatic Sea 

45 51 N. 

14 3E. 

Ifle of Ceylon 

8 32 N. 

81 11 E« 

Barbary 

3 * 54 N. 

13 5E. 

France 

48 18 N. 

4 51^ 

Piedmont 

45 4N. 

7 40 E. 

USc V. 



Society inand8i6 45 S. 

15X 31 W. 

Sweden 

59 52 N. 

17 42 E. 

Denmark 

55 54 N- 

12 52 E. 

Coaft ofFrancc48 28 N. 

5 4W. 

France 

50 2! N. 

3 32 E. 

Spain 

39 30 N. 

0 40 w. 

France 

47 39 N- 

2 46 w. 

Italy 

45 26 N, 

12 4 E. 

Mcaico 

19 12 N. 

97 30 \V. 

Africa 

14 45 N. 

17 33 W. 

France 

49 9 

5 23 E. 

Italy 

45 26 N. 

11 t8£. 

Fiance 

48 4S N. 

2 7 E. 

Aullria 

48 12 N. 

16 16 E. 

Spain 

42 J4 N. 

8 28 W. 

Spain 

37 3 N- 

8 39 W. 

Italy 

43 53 N. 

7 37 E. 

Weft Indieb 

i8 i8 N. 

64 oW. 

W. 



England 

53 4 » N. 

t 33 W 

Lapland 

70 23 N. 

31 7 E. 


Names 



Chap. III. 

LOMITVIMIS OP 

rLACFS. 

35 f 

Name^ of Places, Caunity or Sett. 

Latitudef. 

Lw^udu. 

Warfaw 

Poland 

<2 14 N. 

21 0 E. 

WaAiington 

N. Ameiica 

38 S 3 N. 

77 43 W. 

Wexford 

Ireland 

S 2 22 N. 

6 30 W. 

Weymouth 

England 

52 40 M. 

2 34 w. 

W hitchaven 

England 

54 »S N. 

3 *3W. 

Wiliia 

Poland 

54 4 * N 

25 27 E. 

Wittenburg 

Germany 

5 ' 53 N- 

13 44 

Worcefter 

England 

52 9 N. 

2 0 W. 

Wurtzburg 

Germany 

49 46 N. 

10 14 £• 

Wyburg 

RuiTiu 

'\r 

60 5S N. 

30 20 £. 

Yarmouth 

1 . 

England 

52 55 N. 

1 40 E. 

York 

England 

53 59 N. 

1 7W. 

York (New) 

N, mtrica 

40 4 3 N. 

74 

Youghall 

Ireland 

51 48 Mk 

8 4 W. 
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An Alp nAnFTiCALLisT of theCoNSTEL r.A noNswitlillie 
Rtoht A scEwr-iON (R ) and Declin- AT luN ( 1 )) of ti:t: 
MIDDLE OF LACK, for the road) finding then. oi. thj Globe. 

N.B 'I 'he Rum.in cbaia^trrs bi the Ion Iwnd a linnns n fci to t.iblcc I* 
iU JV, V, VI, aT>d Vlt, at t\tg?s ?4, 25, 26, .'nl 27, where sj c 
Bnghfli n.inu's of the cnnllcJIatiom ate t^iv* n, uv.o'Ij 1 w ;»h the nuLiher 
of ttiii s Ml eaih, and the names of ti;c • jincij.'al li.ii- : '1 .‘m krtor N or 
8 , imm-diatcK following the name of the conftell.ifi*m, (hews wliether it 
be north or lourh of the sudiac; »< the c-JiiiJellation he fit j.. red ;n clxe zodiac 
Hhas ihelctui Z annexed to it N .lod S in the c Inmn :.i.irked 1 >, pomt 
out tihether tlic middle of the rontlelUcion liJa north or iouth dcchuaiion 


111 . 

Aiulromedi, N. 




R. 

M 

ly. 

34 N. 

n. 

Antiirons, N. 

. 

. 

. 

292 

0 

v». 

Apus, vel Av’s Indira S. 


- 

252 

73 S. 

I. 

AnM.ir»os. Z. 

- 

• 

- 

.MS 

4 S. 

ti. 

AquUa. N. 

- 

- 

* 

^95 

8 N. 

\'ii. 

Ata. .S, 

- 

- 

- 


s. 

l: 

Aii.in Z, 

- 



30 

22 N. 

Vll. 

Argo Na MS. S. 

. 

. 



3 ® 

III. 

Adcrion et Chara 

N. 



If'O 

40 N. 

IV, Auriga. N. 

. 



7 S 

45 N 

III. 

Bootes. N, 

- 

. 

i 

- 1 

212 

“o N. 

VI. 

Braiidt'r.hor.'itm' fJoertnim. .S. 

- 


(7 

15 

IV. 

C.imcleopard.ijus. 

N. 


- 1 

6h 

70 N 

I. 

Cancer. Z. 

. 

. 

“ 

xz« 

20 N 

VI. 

Canis M.ijor. S. 
Cauis Minor. ?>. 

- 

.. 

“ 

IC 5 

20 S- 

V 

.. 

. 


no 

N- 

I. 

Capricoiro*-. Z. 

• 



tio 

ZC h 

IV. 

Caput ■M'-JiiHie. 

. 

- 


44 

40 N. 

IV. 

C’af^ofiiri, N, 


• 


! J ^ 

60 N 

Vll. 

Cr?jt..i!?us. S, 

. 

- 


2C/ ‘ 

!:0 S. 

IV. 

C’rphtus N. 

> 


1 

.s.iR 

ri5 N, 

V. 

C\tus. S 

- 


I \ 

1 ij 

*» '' 

111. 

Cerht I us, N. 



. ' 

' » 7 i 

11 N. 

VII. 

Chjnifflcon. S. 

. 

• 

_ ' 

;x 7 .s! 

!'8 S. 

VIL 

Circinus. S. 

. 

. 

. 1 

I 222 1 

16.1 S. 

VI. 

Cv^lunrh.i No.ichi. 

S, 

. 

-i 

U c S. 1 

1(1. 

Coma Btrrnicea. 

N. 


1 

185 

z6 N. 

IV. 

Cor C.irp.'li, N. 

.. 


_ ’ 

X9X 

.19 N- 

40 S. 

vrt 

Corona Atidr. lrs. 




278 

III. 

Corona Horeahs. 

N. 

. 



30 N- 

VI. 

Corvus. S. 

- 

- 


185 

IS s. 

VI. 

Cr. ter. S. 

- 

.. 

. , 

168 

15 s. 

vu. 

Crux. S 

* • 


1 

*83 

f&o S. 

IV. 

Cygniis N. 

- 

- 

“ j 

508 

42 

III. 

Il)« 4 >ih 1 ntis. N. 

- 

. 


3.8 

15 N. 

VJI 

Dorado or Xiphias. 

. S. 


I i 


2 s. 

jiv ilVaio. N. 

- 

- 

1 

' 1 


66 N. 


Jic^uulus. 
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1 “ ■ 

I 

rquulas N. 

Yli. 

hquultMis Pi .tun 

V. 

Gtid.inuv S. 

VI. 

Fiiriiax Che mica. 

*' 1 

a Gemini. Z. 

Vll, 

Grus. S, 

III. 

Herfulcs. N. 

VII. 

Horologium. .S, 

1 V 

Hydra. S. 

i VII. 

H\JFiis. S. 

;vii. 

Indus. S. 

;IV. 

L.'iccrta. N. 

1 I. 

^ J.eo, o? 


\ Leo 

j III. 

i.eo Minor N. 

1 VI 

I.epus. S. 

i I. 

Libra. Z. 

ivn. 

u;>us. S. 

'IV 

•l.Mix. N. 


’ II!. ! 


iVI. 

!vi. 


l.MU N. 


V. I 


[iviachinj Pi.rumi^.;a. 

Mtcro<co‘'ivi!n. S. 


I "■ 

'vii 
' in. 

= V11. 

;vin, 

ivii 

jVI. 

V- 

VIJ. 

i in. 

IV. 
VII. 

I. 

VI. 

IVII 

Ivii. 

VI. 

VII. 

fvu. 

f. 

in. 

V. 
I. 


'onocoit.s. S. 


• iMiV.is Ma.’ri.il!.!s. N. - 
iMons Alciii'c. S. 

‘M'.^rca. N. 

IMufca .Vu'lralii,, v*-I Aps. S. 
‘..Vormai \clijujJr.i Kuclidis. S, 
Uadi: iaiv. S. 

'Officina ^ ciilpori S. 
prion. S. 

Ptvo S. - 
Pejallns. N. - - 

Perfens. N. 

Plitcni*. .S, - 

[PifreL 7^ - ' . . 

Pacts iictias, vel .^uHralis. S 
Pi.*ces vp1.!|!s. S. - - 

Praxiteles, velccla %ulptorla. S. 
Pyjris Naiitica. S. - - 

Reticiilus Rhomboidalis. S. 

Rohur Caroli. S. - 
[Sagiitarius. Z. 

'^agitta. N. - 
Sextans, 

'corpio. Z. 




'ir 


3x6 

.y N. 

- 

84 

ss 

. 

60 

ly> S 

. 

4 » 

30 s. 

- 

111 

32 

. 


45 

- 

^ 5 S 

21 N 


40 

60 b. 

• 

^39 

8 S. 

. 

a8 

6>i i>. 

- 

.ITi 

55 


336 

43 

- 

15^ 

15 N 

- 

* 5 « 

35 N- 


80 

t8 S. 

- 

226 

8 .S. 

. 

2JO 

4.y s. 

_ 

ITi 

to N. 

• 

•’«3 

38 N. 

- 

1 'C- 


- 




1 KJ 

0 


i2<; 

r N. 

. 

:6 

71 

\ 

40 

|27 N. 

• 

l8.^ 

;68 s. 

. 

24 i 

145 ^ 


;IC 

Be S. 


0 

S. 


80 


• 




340 

jx4 N 

- 

46 

I ;9 

. 

10 

'5c s 


5 

•r'o N. 

• 

.LLJ 

| 5 f> 


I i** 


. • 


0 ‘t. 

. 

130 

30^ 

_ 

. 6z 

62 .s. 

. 

159 

50 ■'» 

_ 

28 c 

<5 

- 


ih N 

- 

5 



2-4 

(y r 


i \ • 
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B j 












T 








)' * ^ 




ii ' 




* ! T 




1 ^ ii 




i i 




• I 







■CT 











FINIS. 


jh tht prefs^ and fpeedily will be publi/beJ. 

The Elements of Plane Gfomftry, compre- 
licadin? the iirll Six Booxn or Euclid, from the 
text of Dr. Sim SON, v\ith notes criticul and explanatory* 
To which will be added Book VII. containing feveral 
important propoiitions, not to be found in Euclid, and 
Book Vlll. conbfting oIPractical Geometry. 

The wiuile explained in aaeafy and familiar manaeiti for 
tile inAiui51ion of youth. 

I/jirithmetiqui fi la Gimiirit fmf ki datm da 
Mafhimatiquti* 

Lmraitos* 


UmIimi and Pretkn, 
Malt n- 8 lre«t, l.ondM . 











